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VLAR) , n V , /Ky^^wv^w^^l/ — h ( PET) , * ]) J % K „ TKy^^l-^^ 
U7?u-V (PEN) , JK y -fe^n -*it&V>, h -5 VM4^n P, 

* a* m if e. n 5 „ 

[ 0 0 2 8 ] 

i"5;trfe-e, iftiSfe^iffi^^jj^^. ^H4I»n7 3 o 2x0=4 o 2©#fnj 

«TtB*a>er ©fed* P> % t«iHtil37 3 0 25V4 0 2 ^I}?t5;}:iaot 1 dfc 
w^T#5„ ttftlfilftttlRii a 73 O 2X0:4 0 2li4fc, mm, , Xf4 

^lltL#5 0 #Jx.f4\ t^fegtt»i37 3 0 2XO!4 0 2ii, 5g 93 J. o * L < 3fe 3S 
iiitt T- <? . SO t /XI4^rtte>IC*f^i-^^fe^«-^3 1 0X0=4 1 0 \C % * m < Z b & 

[ 0 0 2 9 ] 

rtS5ii»3 o 4io=4 0 4iui > &ne>mwt£mmi$iW&&^ti *x#5 0 a*©^j^ 

«)^^S?^®lc:4o^^T, rta$lfr3 0 4 X0=4 O 4«fL<3feglttT'fc5„ rtSB^mtfc 
3 0 4 XO=4 0 4 Lt, PI^I4L^^*S, ^ , . ^ N ^^^r/v, 

'^^l)^, SS, -^ttfeyo?^^:, ito x to=lc*i;7=!)y^7=!;y©J:5/j:gitt^ 
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-£tt,.-iftO. 5dm~^5)imfi)§. $? 3; L < fit . rtSllfi: 3 O 4 5V 4 O 4 ©ff $ 
fit . 0 . 5Mm~^l^m-C$>^ <> 
[ 0 0 3 0 ] 

m* <Dfflvk&}^MMmx'tt, xmmmmm. 1 o o . 200. 3005^4 ooii > % j 
* m®m.m&m 1 o^c-m 3 0 cc-e&s. ^«i£tg;s£ = r 1 0 2 xo= 2 0 2 . 

J6ittfl:37 3 0 25t/4 0 2 ^tx5„ 0!) ^ « , I^JSgttiJt ^> 7 3 O 2X0=4 O 
2fC]@LXV'>5#£H3:. ^7^6SfiSilS)4 5 t©PETT?fc 5 „ Lia4#6. & T U t> 
> tilJfeiill O 0 , 200. 3 O 0X15 4 O 0l:lLT^5#ftOiTA5^f7^6^ 
LXIiV^«£^;i £ SrSftl^ix*:^,, ^Jif,0#|ftS Ltd, S^&ZB£Ett:. ( 
1 ) ftteJftttttl 1 0 , 210. 3 1 0X^4 1 0Srf^f5#»rotBIgli}Sfi5I§n 
5 ^ <£> t& £ , (2) ftijgi&^^llO, 2 10, 3 10XO=4 10<t. ( i ) Ute l» *S 
^7102X152 0 2 ^^ (i i) rt*fltf): 3 0 4 Xy4 0 4 t0 1 X 0= / X (i 

1 i) fL<)fcllttT'$)5it# 1 0 6 , 206. 3 0 6XO=4 0 6<t<Z>F<9<£>S^I$^ 

X -5 . 

[ 0 0 3 1 ] 

El - 4 tSBtCW^WJIJtBI^^fatSi, 3fb<3te»iStt:-?ife5**ft:i 06. 

2 06. 3 0 6 X(54 0 6 i:lT 1 #| *i fc£ ITO. 7 y ^ K- T' XSftfe, ^{t^-X. 
^^3E#S^^Oj:5^3gW«-^^^ { fe>^5o f L<)tl®ttT*S)5ii*l 0 6> 2 0 
6. 3 0 6XU J 40 6tt*feXtt*gfe<tb^^ <> $? l£ L < J* . *U<3tSilittt?fe-5^« 
#10 6. 206. 3 0 6 X^4 0 611, *S S 9! T *> 5 . £ t> {C . *L<7feSi&teXfc 
5 « # 1 0 6 . 206. 306X0406 f tl. 5 *itii« 1 0 0, 200. 

3 ooxo=4 0oa**!f£t±x;fc3±5tc:. h b <o*t fo-t Z> ytm&ttn 1 1 o. 2 1 o, 
3 1 0X154 1 0±l,c%iW:£tlZ>Ztfr&-iLV\,^ o U * (O #) MMfe f&X tt . * b < 3t 
IlttTfe^ilftl 0 6 , 206. 3 O 6X0=4 O 60fJ|i, Si O 0 nm~|)5 0 
0 n m X £> 5 0 flfecO^J^WI^Jfe^^-ett. S L < 3fe3iStt 1? $> 5 1 0 6 , 2 0 6. 
3 0 6 X^4 O 601^11, *5l50nm~^)300nm-efe5o 

[ 0 0 3 2 ] 

m * <o m m mmm m x » . 3te^w^i 1 o. 2 1 0. 3 1 0x0=4 2 0 © * * hu 

»1 Mm~»5,nnf$,2,„ ftO««J*«l*«ilT'(l, jfefe^^^l 1 0, 2 10. 3 1 
0X154 1 0©f * (4, ^5Mm~^2 0/im-t?fe-5 o «*©0iJ;^|&^Jfc712|gt;;:fc^X. 

^^^Wf4i i oxo=3 i on. d ^ -a « -a $t £ tr „ i«i^Ar n ^ -a -a 

teiJi. ^y— i^v (0||;ifi. C 60 ) . 77 — 1/V«r^. fe5^l4*-^>t / f ^-7AS 

fi^t^sr tiifts. aAtDflii^iftHjfeijfsiiifc^T. ^ ^ o ^ -a- ^ -a- $^ *f <4 

, 1® * CO 7 7 — U ^ , 4nm~ 5 0 0 nm©77-l'ytfS^J}l5 

o aS'SJ 'fc — 7 i t3S-a-^-a$f^(Dfife(DF!ltt. *y ft7xyX0#!) + y V k <d j- 5 ft * 

- Sr-^tP^-a-^). XO=##y-^-Wi|S|-t|lB^LX^.5;Ky 7xri/y t f=:i/y©j: 

5 <c * y - (o m -a- « x & $ „ 

[ 0 0 3 3 ] 

m* (offlTFtfttemmMmx'i-iL. m?t&-r s h v ? i 1 2. 2 1 2. 3 1 2x0= 

S^t;?l-Hx|til 1 2, 212. 3 1 2Xt54 1 2©f ^11, »0. 5 » 
2 0/*m£L#5. 
[ 0 0 3 4 ] 

« * (omm^mmmmxti.^ m%m\z x o x . i3tttt/^n)^^»?n 1 2. 2 1 

2. 3 1 2XO=4 1 2lC«3tett-a*tf-§-;fc;ttS. S 6E«%$J K «t o X . MtWtDfe©!!'- 

hxl. is se « * as ft -c © * ^ a g ic » * * t btix &^x. ©je«^-©;c* 
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— tt. &ytm(Dm & is^/^fr b &yt&-r s h v ? i i 2 . 212. 31 2 x 
#4 1 2 (D&mm^ t &m-r z>„ r e>«^©#»tf. n^<D^}m^^mRx^mm<o±mm 

?&%)%:izffi%-f % . S£ o T . J ^ FH^MSl 1 2, 2 1 2. 3 1 1 2 (D 

^?$fc:£>5fl;^tf. ;*:g§mfi&l8;Ht loo, 200. 3 o oxt;4 o o cl^Wtf 

T S « A ^ £ fg ft ^ 5 # K ffl £ 5 o 
( 0 0 3 5 ) 

^3fe£Utf . H)tttty v F !) ^^0^1 1 2. 2 1 2, 3 1 2X^4 1 2 ± K « >t ({£ 

^<$tmR.xt/x\-i%>mi>&m(oftti,fr) U#£. ^##Jtf . ^Tttt^y-vhy^xttifti l 

2, 212, 3 1 1 2 0*I±, S*ttt7 ▼ F J 1 2 , 212. 3 

1 25V4 1 2tf>^#. ^tt^rOi^*-tCPJi« Lf5, i3«'«3tejHri, mx.fi. * CD & 

f^SliRf <D7^ h V ® l|5i fig . ■rytrhVfXtfmi 1 2, 2 1 2. 3 1 2X1/4 1 2© 
e^^lctsttS^Og&m^ ( X tf E ?L ) £ s£ f£ . SU ! tOt/'Th!)^x#?Hi2 < 
212, 3 1 2&V4 1 2tWgft:«^ffiJ)5V^t;v FHxf l l 2, 212, 3 

1 2x^4 i 2i:^t5^oKt tgicfstx, ^^^ti,5 0 tcmytm t . ws.t£ 

. A^^^-^SSUf/Xti^iSioij/itiSSrtt, y n^f- 1 * u— F- -ft b# -5 
Si 2* 3£ tf *b -5 „ 5S§J/«cfe*iLT. fig 5t tf U ft v^s . tff ^ 7 .< y v . y * n T =i ^ . 
y D ■> 7 - > , > T = V , 7^71/-h (squarate) . ai^-v-V. 3r -tf- >- ^ . o — A- 
, Xtfi'X-K'X (^f V 3r is T ~}~ V ) \f X (2,2* - f fc* y v^-4, 4' -i;*;W*'^i/7 h 
) -frr-V A (II) ( "N3 feUf" ) ; F- y X (-fy^^S/T^-h) (II) 
-2, 2' .; 6' ,2' ' -?-^y^y-4,4' ,4' ' - h ]) * A, # v g£ ; i •/ X - If X (^y->7t 
h ) (2,2' - tf f U 5? /V -4, 4 ' v'*/l'*'*v'7 h) -A- =r =- y A (II) \f X h 7 Zf f- )V 
T^*r~VJ»;i/X-trx (-jy^T-rV) fx (2, 2' -tf tf y ^/W-4. 4' S^A-JK^v- 
7 F- ) *f-^A (II) iStfhM (2, 2' -t'k-y^/V-4,4' 3r x F- ) /V 

= y a (11) iy y n y k # ^ o & s ^ ^ 4gj ^ <b ti. . -tco^-cray^ci^^xtt^b 
a # "sr fig -c h -5 . 

[ 0 0 3 6 ] 

# £ L < tt: . ^7tti^-y-^hy^X|t^fl 1 2, 2 1 2, 3 1 2^154 1 2 . *B 2 S 

^^Ixfcio^fi^^coa^co^jR^fk^^-y^^Sr-^tf. ft y *5c ^ # k ii . PS 

^ tf L /«£ V^* . ^ y X . >> 3 = y A , 7 >- y V . — * ^ , X F- u > 5" y A . y > y ^ . 
xx, 7- /nr y a . Xtfy^yx^vo. n.\Y.m, mitm. -buyfl:*, X t5 -r /wwb 4& 

, XiilOXIiHt©^tlf.Offi^fA:^$n5„ 0i.lx.tf, Ti0 2 , SrTi0 3 . CaTi0 3 , Zr0 2 
, W0 3 , La 2 0 3 , Nb 2 0 5 . f ^Vit F!) SV^t^K^HA^, il i2J & ^ / *S ^- 

IST-fe5, i^ioM^Wllltfltli, F^^ff^i 1 2> 212, 3 

12Xl5412tt, ¥^SS*52nm~|f|l OOnmOf/tf^tif. fife © #J ^ |$ H ifc 

mmxtt, myt&-r y t h v y 1 1 2, 2 12, 3 1 2x154 1 214, 

10nm~^J4 0nmO-^y«t^-$r-^ti> <> # £ b < tf . ^ y . ¥^ltg|t|2 0 

nm©ZKftf ? >" ^ Tr ifc 5 . 
[ 0 0 3 7 ] 

5ftte&#** 1 i o. 2 i o, 3 i oxl54 i o (Dmn^mum i 15. 2 1 5. 3 1 5 
xt54 1 5gc^{df4, mm.m&tb z^\±n.ffimfr b ^fr^Mfo-r zmytte-r y f- y y x 

#$fll2. 2 12. 312X15412 ( X t5 / X tf jg ± tt y ThVr^ttmi 1 2. 

2 1 2. 3 1 2X154 1 2 ff>m KM) — 00 Mft CD m m & feM ~T Z frM CD W ® £ f$ ^ Z, ^ b 

z>. mm temffimmttm 1 1 5, 2 1 5. 3 1 5 x t5 4 1 5 cD — ^mmm t , 

15. 2 1 5, 3 1 5X154 1 5 <£> £ fi . l)2Am~»20^mTS)5. 
[ 0 0 3 8 ] 

a* <D#a^w^JS^«§»c*jv^T. m^f^iitt^i 15. 215. 31 5x154 1 5«. 

1- K y ^ x %k ^ tf . ig ^ 1/ K y 7 x ^ |i . 0U x. tf . # MXt5 / JL \±m m CD u K y 7 
x^^s-g-^n^o J:0»*BfcHt, K y 9 x^ |c fi . 0iJx.tf. ir y -> A (m) 
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[ 0 0 3 9 ] 

Mftnmttn 115. 215, 3 15&tf4 15tt$ft:. #9 T — i> ^ if ^ t it 

* J>~ur>1b<&) RV/xti# » (r = ,utry i($ig f ^ 

* if -5 r t as i? # 5 . 

[ 0 0 4 0 ] 

tt^r <DMm&mte&Wi\Z. itUli, ttffitt%{**¥l IS, 2 15. 3 1 5&tf4 l 5 « 1C 

O % (0tJx tf . 5 ~ 6 0 %. 5-40 %. h -5 VMi 5-2 0%) ©iKy #1 it tf <4 * 

>-fcmmtf V - t , lit^5%-H9 5%, «g tL tf *, 3 5 _ 9 5 % 6 0 - 9 5 % . 

$> -5 V 8 0-9 5 % tf> p! 31 #J <t , l?)0. 0 5 M - #0 1 OM<D^Ks'^;*mfl?Jf. #1 X. f£ 
O . O 5 M - m 1 O M . % m XL ti 0 . 05-2M. 0. 05-1M, fci^lio! 05- 

O. SMOtlXftlia^lt, £,0. 01M—1M, #J tf 0 . 05-5M. O. 

0 5- 2M. *> 5 V* tt 0 . 0 5~lMO3i)tS:^tf ( -T^Vfe^tt^y^iUT. #J * 
fcf % #y xf K (PEO) % #J7^BiMI* (PAN) . ^ y ^ ^/W* * * 

Dl^-h (7^!)^) (PMMA) , ^Ux-r/K y 7 x y-;HS^|f t,^^ £ 

31* ^MJotfJi: U, R£ttL*^#. £tS*^/P, £ & ^ c f u v , 20 
W^y ^ ®? , Jtf-^7/1'^^7^ v — h ri* *i, £ „ 

[ 0 0 4 1 ] 

«*©fc|jj*6<j£ffc?gffiT?Hu. Mmfem&7j:-rm& 2 2 1 4 2 1 hu *rjs-r 

3 H 2 1 5&t*4 1 5tt^iiLT^5„ ^RMffif^ASr^-riK«2 2 1R 

U 5 4 2 1 \Z. » , ^T-!>A, X ? * A . zw< ,u h , n £ A , -Y y * A , = 

s^/i^ 7 ^ * A £> * V> f* & & 3* ilr £ *t 3 . # £ L < , *«ff«4*t**2 2l& 
4 2 1 lc «; •£ . ^ * V , fc5v^ttfl&»ig§]^^JR^i-g^tb, f Jiiaot^ *b<3t 
Siii4-Cfc5fi{j: 2 0 6 Si; 4 0 6 , itttil^ 7 2 0 2, X « « « 1$ & ft tt ft It =« 
T 4 0 2_tKlB©£;jxT^ 5^86^11^4 0 4 » 3 . % Witem ft ft Z ^ -t 1% ft <D & m 
a s «EitiS*i.5..#*b<r± % 3 g£ 5^* >- , BE 3 *> l 0^-^^x Fn-Ao||iUtS 30 

i^iiLtsi^^. a* (ommj&mKss^x . mmftm^m-rmft 2 21^^421 
« mmftrnz^-rmft 2 2 1 4 2 1 » % # 2 5 ho 

— A <o $> 5 „ 

[ 0 0 4 2 ] 

a* 0>0!J;j%ft£%;g.ffi-?tt. {£^/!2 24&tf4 2 4 fC « % »SJfc3fe&3S»3*5<tt* 
*b 5 „ ffill 2 2 4 & 4 2 4 Id jg b T- V> 3 # £ LT, BR 3£ fci U * V* ;Ji v 

-^^-tfyr^yw-K # y * ^ u v , y * u * ^ ^ # * as i 

«f *>*V3 0 # ;£ L < ft, «11 2 2 4 X1/ 4 2 4<Dff£«; % » 1 M m £ 9 * # 
[ 0 0 4 3 ] 4Q 

HI 5 i±, ft It 5 0 2 . m L < ft^ilttXfe 5 3f m# 5 0 6l*Hdilaf)&£;h,T^3 l OX 
«1S§g:©!7^5 04, h !) ? Xttfflr 5 1 2, «^f^^»!fEf 5 15, 

11 5 2 4 5:IiS, *Ititf^ 5 0 0 ^@*LT^5„ 7^+ 5 0 411, 

5. i 5fcf>«j^fl«jfcai«>a*ttT*5!j, tniaot, Mxtf, ^0e*»«»^» 5 o 

0<t^-^A#om^^^2rffiilLfc9.^L<^^iittT-fc5^m^506^tt^bfc^ 
, RV/XUSRtBtftttfiSOOOifttt^iRoiiiS-p^S. #*L<Ht, ^^!7* 
-f •¥ 5 0 4 tt, ^«^X*fc«?, P*B(C{*. ^JS^m^T-fc5. i«D47Y+ 5 0 4 O»» 
Ht - R ^ tt. b * v> *s % ^ , m , t& , S & , = ?/ <5r > y< 7 A , Sfe . sottirf.© 

-&&&mtf h*iz 0 w^toft-nmmmx'ti:. ? ^ 5 0 4 z am 0 . 5 M m~^i 

0 0 n m-C*>5 0 «iO«^W**^IBTtt, !7^-tWff$tt, #5,1 M m~^l 0 M m-efc 50 
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-5 c 

[ 0 0 4 4 ] 

S6AR^6Bii, mn&mim =» r 6 o 2 % m l < ytmm&T- $> .5 6 0 6 % 

mm&m&=* T 6 O 2 t^L^ft^ii&T-fcS^mffce 0 6 i£DP«gi;:Eg£;h,T^5}fc<ite 
PL<fB®-f-5^J^:tfdfy {n-zf^-f^f- 9 * — b ) fO«fc5&KiStt*Ky-^ — ifg &l i: fcli 

& . #g x « . 3xio _4 M(D N3-fe mtgm(D£?t£fS l ytmtit$m&M£it> m%&-r 

S h V ? *ttm 6 1 2 & Z> « i^VNT', y/W:l£m^«£-£tf®<i?f$|ji£#5|sf6 15£ 

&ium%&-r s v v ? xum 6 1 2 ±\c=j — ^ ^ > v vx . ^M^mmun 6 1 osr^j^ 
£ * 3 . 

[ 0 0 4 5 1 

M m ~ j& 6 MmWli^Dv- $g *8 £r , B§ « **" £f 6 0 0 <Dffi V \C b It As !g Z . 

^a>t 6 2 5 <d ^ z w&mffiWiigwn 6 1 5 <t ? k ufc. r <Dm^^mm 

MMX-\-i, V t — )5»f>*5i^ 6 2 514, f L < 3tSltt-efc 5 ^ tft 6 0 6"Cfc 

Jb 5£ b fc # J|Sf £ ffl v> x 7£ "J* £ £ „ 
[ 0 0 4 6 1 

06 CI*. Iittl«^7 6 0 2 i:« : U<7tSilttT*$>^^mfr6 0 6 h © |R) K E « S 

O»rffi0?r*LTV^ o ^S*illtt» 6 3 0 tit fc> tfifltM6 1 5 it»tt 
V^^M^f^^Sr^-ri«^6 3 5. &U J *U<5t^jattT*fe-5#«i^6 0 6_LKiaS$frT 
v^^Sffffl©fc5^y ?-| 6 4 0 <b it X. T 5 0 
[ 0 0 4 7 1 

m 6 6 B td@^ * 1x5* & Oi&<Dmmi&nX~l±^ Hftli^7 6 0 2 F*9 

*^T\ frtDftfc&ttW 6 1 0©^j^afeT/tc«B>t6 2 SICiSb^A/^'S^SrJh^Oi 5 
[ 0 0 4 8 1 

®7Sr#B& flfe<7>Fd^6tl^iS^I8-rrJ4, *S1»0« 7 0 014, 6 & fc 3 VM* 6 

IW^!Jv-Uajt 7 5 0 Sr, 377 2 7OS0tf,t^tlit##l')'t 1 SiSDi 7 5 
0©fc£je>-o£«j&S!7>rir7 0 5 & T 7 2 7 ©gf HI#^^|4t 5 4 5 1C L „ 

[ 0 0 4 9 J 

B 8 A - 8 C H: . *B^1C^oT*^$tLfc, *^«?fe«-ff8OOCOflfe<D0iJ^^||i6^ 
ffi^^b-CVN^,,, ^illfttllfSpOli, ^JS®fW^«ttg5^-8 0 2 ti^^gI5^8 0 
3 £ * i" 5 x # M 8 0 1 -g- A, T- V> 5 0 Iftgt^ 8 0 3ICI4, iltt©fe©> X 

(4^m#:|cJ:i?=i — t ^ y £ tvtcmM&<D h ?> * mi'^ Z> Z t & X $ Z> 0 E) 8 B £ # M -T 
5.?:. ~&-fb^* 7 & ^ # He &f # . ^I«feHii8 0 1 ©ife«S^ 8 0 3 ©^$ffi© 

SrffiSJfttt*** £ t # * tV\ 2fc V - * "C s *B 5 K & Wt V it ~ 8Mb $ \s ± J & + £ N3& 

m&mo £ o ftmytm t 1 mmmmz x , i3tst;v hHx^$f8 1 2 *mf&-t z 

[ 0 0 5 0 J 
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#8 0 3 ±C3-r^ S^«)o#«l31$tb/cITO-C^— ^^$tT,TV'S PET 

§&mx s 2 5 £ x iffttyvFH x s 1 2 m^saai**** 8 1 5 ©jbtee-*- 

5. S^feo # £ ftfcITOtt, «#*ii£*t;ft 8 1 5t8ttUTV^„ 

[ 0 0 5 1 ] 

l^O i 5 IC, 1 0 O < 200, 3 0 0Sl/!4 0 o^flv^t^ 

m*tefc-irz> r £ #-e# ibti^illlliju, H; 4fc ft i& *fe , fes^ 
ttBijfr^ir-rs r t &xz 5. s^*^®?a©Kij^ri. ^1 ^ it d 

f tloT*il^«fe5:Bfigt5r ti5ft5„ Uxt, \c J; o Tjgig £ ft fc 

I 0 0 5 2 J 

aoii^Mwias, *i»mfttus5*£ 9 0 1 ^^ts^mmmmm 9 0 0 ©ey^ft ft-^ 

0 3 fetA/t-V^„ a^^^J^W^M^^T?fi, ^*^*?&m*t 9 0 3 tt, *^«?feSllt 

wtz ft & r t x mm.m & &mi&-f -5 , r y — k 9 1 0 & 1* # y — k 9 2 0 * m ^ u x v> 5 

ir*ST'#, #y-K9 2 0tt, 1 L <)£SStt f fc 5 |C <t o Tf t 5 ' i i5 ^ ^ 20 

5o H 9 Ttt, *^m?&^^9 0 0O#iffi{i x *lt»ll901*^^^fc7;- 
K 9 1 0 t X y- K 9 2 0 t^^SIC/^ i ? t*^$tiTV^. ftfe^^j^^^life^^-t? 
f4 . *itil%9 O 0©#ffili > fc o fc 1 o©7 ; - KXItfco f: 1 o©* y - KA' t, 

[ 0 0 5 3 1 

0 1 0(4^2o<7>^^m?&«-i^S**^^^$ftfc^:^a?lfei^!^l OOO^S^LT^ 
3, Mm#J^ft^ffi^JKl-J:ftH:.#>!rtf>g|ilf4, ->a i ? , ^; 

2f <D y y •> a 7 y Kl 0 1 OtLT*liL,'«*ii*y'-Kl 0 2 0 £ U T 

$£iBi-5 0 #*©yy>^ (gp*>, mm) fi. ^gPA^o^ip]«@{c:^^$ tts^ft -5« 30 

[ 0 0 5 4 1 

^mm^^mmm-m^ <tft t* , y * ~ «• jphc » % fcs-rs^^©;^^^ 

. T S *— K y y a. 14 , IT0tf> Ky ^ xlfittStf^ L ft £ # S & « l&ilt ?5> 

r&«T-&S£ft?c-^-ft3:^ 2» f?£ £ ft 5 0 
[ 0 0 5 5 1 

#i ^ ft ft - 3? jg m m xt* , x m mm m m 1 o o o <d t ; - k i o i o^y^aii, « *. 40 

t?fcoT, ^^fc-5VM4$g^cD{5Jft^<DHU^, =zT# — x > £r ffl V> T , ^StlO^y^TSr 
% ^->aitS©BI^A^»4t5iH5tf 5. rft, fcSV^iifcfBftfcB* 

m<Di&<0^ < oj&xD^feSrffl^T, & & ft ft & « & 4fc £ IB 1" 5 fc *©«&W#;*:r 

<D-&\z.^ » © «■ m * z ft e> © m m h * -r z> r t a$ t ^ 5 „ & ^ -c , y y ~ « 
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±mM^I^^> 1 0 0 O0*y-Kl ; 0 2 0 ^ y a. « x #J ;i ff & n — f-f y/^jifc^ 
[ 0 0 5 6 1 

g§ ft ?fe ^ 1 00 0 Sr^^fi fcfelC, 7 / - K 1 0 1 0 * v is ~ RZF$ y — K 1 0 
2 o^ yi'aSrttaclgttL. ^ y^^o^^^SWI-SVNlc^^T^^sJ; 5 fc-#£fdi 

1 0 0 0ft. tfcgfEJB 3* fc 9 , mW-?. *«fC$p5Ii Lti|gt5^y-7-g$|cio 
[ 0 0 5 7 ] 

Ki o i ost;*y- ki o 2 o^^a@KtSSti^L#5r t> -?&z> 0 fflx.ti. 

±y£<D =t - ^ ^ > y#km$:nM-f Z>m\z. =fr ^ y > — ig, ^ffccoSSK Xtt±TO 

SSSr*^ — y^©JSICt5r £ ^ ^ 5 „ 7 / - (.* i o 1 010* y - Kl 0 20 
cd=£-*I4, ^ixfc^Wo&S^i&lfca^tofcSig^tvTV^,, ^^J^WHIfi^^ofiJ^ii 

, i ^ ^&wm z tvtz t z izxmn,mi&®3zft&&ztj: < & s wr sg ^ a* & vn z t -e 
& ^ . 

[ 0 0 5 8 1 

0 1 iS^Mig^a-fe^SrffiVNT. «M^(D*|»m?lb#^fSr^^-rS*fel 100 

5r*LTV^„ 13 1 1 5r#lt5t, IS«I1 10 1H:, ixlftt^X^-;H l O 2 

o -c#i& £ h -5„ ^ ^«£*t i i o i ictt. mmitx-^-^ j ^y'tsntzmi5.&im&mim=' 
t. mm&mm=-T, &%^\* ; t<D i mj}<r>m&ik*m^z> t&x-% z„ =5 #1 ^ 

7£ ffi fc J; ft # . SPUf 1 1 0 1 tt , ^nZ — tefc^y-^l-ym^trtV (n-y f- jv *f- $ * — 
M (S^tt*!) ^-^jg^Jt LTttgtS) Oi^fr^iRt . ^ c^> J£ gi5 /Js TL 

1 l0 4^Sriiiia$-^:2.ni:fe:J;oT. ^r05j;5^ : Kft:^t5:^T'3-^^ 
v^^^6„ # s> 1 icf44>feinft&, ffiSSigcUfc^yfe^-^^-xw^i/^nfca 

» 1 1 0 5 ft , t-y>l 1 0 6 tA5, £ SJ « # 8t # 7kfc-5VW4fl&O^M 
) ffilg^Lfctya^-en-r^f y;/^tifei«l 1 0 511, fei^* 

-^^v>/$Hfc^lti 1 o 9 fi , ^©ttCl:^ S£ j& - >- l 1 1 0SU=/xiiit# 
^xtA 0 , ^ pj cd ^ m Bfc * * ft -5 „ 

[ 0 0 5 9 1 

&fc. ll3ttttyS^S:3-f-f >^^^fciiil I0 9tt. l^f, # * L < 
«ffico/Ky-=e — m8?jf£r<g-iriMi 1 1 1 <f $r 3 51 -r -5 » zico^y-^ — mm 1 1 1 1 © fc 

i$l^totf tiSriitSr t^f # , 3U4 ^£ ft te ^E- y - <?> £ 5 R J& *g 8t t? h o T 

R*li5©i594Lv>. ^oT, ^^fc^y-7-*s-g-*tu5.^J^«)IIJfe^«TM4. 
M^T-^-v^V-^nfcggSfcfl j x 2 fL UV7yyi 1 1 4&ffix.Z><f-v>s<'p$:mm 
t5. 1 1 5 Sr, B*«m'»«Sr-&tr3t*iift«-»T?='-f l >^ b 

. If tO/y--'H 1 1 6±tf llcgf tsr 
[ 0 0 6 0 J 

#te&#^T-:=>-:r^^^£ftfciS£*fil 1 1 5f4, K^^^^^l l 1 8 

mi&vx\tn&3-*r >s< 1. 1 1 8 1^ ic « h , tr-cattijtit, ^sici^a^i, 

&v^^BylJ.o^mtt©lT0 3- 7^^;/;asg2fi£ft.5„ 6 & <D J¥ £ li , 0>l x . Ill 5 
tfti: LT«f6t5. 8cv*t?» ^5£bfc*^m?&liJti 1 l 9 & # y - mm l i 20* 
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ft&mttmoh z = — ^ ^ ;ht s m^^^mmmun 1 1 2 1 ^ 

/l' 1 1 2 2_hlc^#Ifct>*i, ^xtf^^^Sfe-SVMi^yx^Vi?' (matting) 

temx- <o & <o m m <o tc #> \c m m z ft z> » 

[ 0 0 6 1 1 

b. tye^©<£fiffi5gg 

^#>n;Mi§-ci4. ^y-^-^fii^j (m£L« ) tj; o t , itgwev^ 

r&tej tag (<»3oo , C) ic x * Htmi&ittJK wsnit a? njfg t * 5 <, fflii rmsta 14ft 

=g Ift K i« fi. Oft4 0 0 t) ^n-fe^S:S!*-r-5^> # Sffl « X'R t# , fflfg 

[ 0 0 6 2 ] 

Tf; i, tc <d 7$ y y >■ x ~ mma. ^m x o 7 ^r-r ^ -r ; t * ic;b s fc #> <d h <o x fo 

9, rrx, MJ4. #)x.f4*^*y (Ti) , VtVzi^VJ* (Zr) , 9 Is if a 1 ? Is (W) , =. * 
:/ (Nb) » =7 Is 9 1/ (La) „ 9 Is $ }V (Ta) x f/Vf^A (Tb) , -5 v» f4 * X (Sn) t? 
fct), xSlfyttiai»iStfc5. 012(D^J^e<)mfe^^tcj;tt(i x #!) !ly*-i 

2 o on, &mmik%3-r ; 1 mm&mw Lxv^sisiii 2 o 2. sotWiS^tt 

r^T*. Rtt v FlI x: tf T -fe 7=- — FS. T/udr/wS, T *r Is & % T fV * Is X , 
T->^S. 5 W4 * * T* tK i(4l£A±(7>S^-Cfc^ 0 ig 12J ft T /V *r * 
i tt, PS ^ 14 L* ft v „ ^^/w, /nf/K z/^/i-, ZlXJ-^Is =?- jv&jfim^f bix Z> a 5g 

Jf^tb^o S^J^T/l-^r^StbT, PB 14 L ft ^ 3i , ^^V. yn fy, RXf 
*<zs1- is#mtf ?>tv5„ 3 5)&3r$0e£ £ Lt, PS f4 L ft v^s . 7 ^ - ,v % ^^^/W, 
Atf7x7-/V^f |f jg j£ 7- ~> ,p g 1- 14 , PS ^ (4 L ft V* , T ± f- >V R XI << Is 

/^;>ist*ti5 0 1BtlX » * f4\ 4g Hi , #| lit % SUia^f SrlitftttSAnyy^ 

[ 0 0 6 3 ] 

f t 5 2 o O -M-0-M-0-M-0-i il^ttf^ttiilSrtttfe-^ ^^T?;Rfi. M fi 

3 fc: * ttfc#ig« % -M(0R) i -O-(M(0R) i -0) I1 -M(OR) itl T? * $ , r rT'iRtfntt 1 6t 
[ 0 0 6 4 ] 

@ 1 4 A 14 , iKyDVA - 1 4 0 4iao TH,0,t / ©^l 4 0 2 Srffi2^^^-fr5r 

i T#t,tifcftf tit i4oo^@(SLtv^5 0 a^c7)mi^^^^:*5v^■r. y y*^ 

1 4 0 414, til^Jia 1 2jyi 3{eiia^$tt-5^!) !) V ^ — 1 2 OOSt/1 2 l 0tf> 

-fb^tigtrW-r^o SSW^WIIi^f iciiifi, ^y«i^i 4 0 2(4, Ifitt 5 vn 
f4S^*?st?, xi4» 3 0 ot^ioiSv^sstt, ast;e^i 4 0 2 j^Hy* 
-i 4 0 4 tg«t^5:i:iaoT < +aatcs^$^Tv^s 0 #£L.<f4, #y y 

— 1 4 0 4{4^j^4>(C^tfe$tl-T*5«?, ^tl|C4oTt/i|af 1 4 0 2 £^,gKlg#!T-# 

S o * §0 * JK.fc tt , ISSHtU/J^v^*s % ^tc. a o T =■ — % ^Dngft^i (#ilx. 
fi, ^nnsJwvA) x ^h^, ^ 15 K « cd ^ - ^ 01 i» # . X V 3^ m M m m * J * if b" 

t^^o -^-y^i^i 4 o 2<D«®7K^Si:^y y >- * — 1 4 04^^y-7 — m±?>T * 
~>m t ©ssic J: ox , ^S(c^^7fe*^-^-&^^UT^<w^-y3fei^i 4 0 2a*2vwc 
^y yv' ^1S) ^(Om^:. t/ff 1 4 0 2 a5ffiSiit5t©ttxbtl 

TVn^ 0 * tz , jK!) !) y*-l 4 0 4 ©ftf«ll4t/S^l 4 0 2 ©^HtHHtX^ 
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5 it &> . -r j %L=f- 1 4 o 2 y ^ # - 1 4 0 4 i©s®/!) y ( BP *> , mm) 

*8 K He , #1 x. tf . &#£ftfc?i5i&te#-£3:ft.5 0 
[ 0 0 6 5 ] 

4 A$r#If5t, ffi^^(D^yU>^-l 404. |-©^H 4 

0 4fi, ^tOt/fifl 4 0 2 2r 3£ <g £ i*r . §£«-7-/*i^*2/ h!7-^^^^-#-^-^ 

a* t* # 5 „ L*Lft*6,- *y y 4 o 4#yT-©i*t*jDS*5 t, J: *> # 

< © # y y :x # — i 4 o 4 y i 4 o 2 * a jc ft- # l , *x y — -e =» — ^ w ^ ^ £ 

ft fc y & 1 4 O O a< ft? j$ $ ft £ . Sfll^U^-a-f-f y^$ivfct/8^ 1 4 o o 
H:, S^jKy-^ — V>m&&<&x-. iV^7-f;i/A^tipif5:i:ijSf§5 0 *K y y > ;& — 

^-^^>'^$ftfc^yt^^£omm^#^4tt^^f^#^S:^t'^ev^t>oi:%^t J ft5„ 

[ 0 0 6 6 1 

0 1 4 B f4 . ^Hff-Cfc-S^-fb^lS^-^-Y^i/l 4 1 0 «: -& tr & £ # 1 4 0 8 © 
±\cm&& ft . E 1 4 AlBtOHlg^Stlfcty 8^7^ /PA l 4 O O © #J jfc H J& 
^i©ft^*ill 4 O 6 S:^LTV^5„ l¥ jf|B t£ tt: , y U ^^-^ffl^T, ®C JL o ^ L 
<^3gjattT?fc£Sltl 4 O 8 ± X* (D m & S %L^r 7 4 /U J* 1 4 O 0©7£f££'{£ii1-;5;: 
£#T?#5 D * 0/1 *ffl # ffl -5 t # . ffl f§ r^b<^Si§1±T-fc£S»j glf^S* 
I6l8fc:*5v*-c, A*f^jm?few>^<<!:t>^6 0%^SiS^-Br£S»^S!*i-£„ & & S 
U 1 4 O 8 ©#1 i; Lt, JKJxf wvfi/7?l/- h (PET) % ]) ^ $ K, jtfy^^-u 
9 U— b (PEN) , ^y-^-^^-fkTjc^.. -fe/l-o-xft-g-^. Sl^^ftfecDiffi-^-fr 
* if &m If ft 5 „ PETS. 15 PENS U fSJiff'f y^7AxXKft!|i (IT0) % 7?tK 

-7° K^x^ftfe, ^-ft^x. & ^ & is & © , i -oxt&m&<omm.m&ihy!)m =i -t j 

[ 0 0 6 7 ] 

£? £ b — ^ J§ fl£ fi I- <fc ft fi\ ^J^fKj/XyyVTJ — ^riV^ : t I: i oT^ 3§ fl © ;7J 
iS ft, 4 o o"Cin^49fi^fiI, »*U<tt^j3 0 0'C*^cDia^t;:T, -t-/;&^- 

1 4 o 2Sr+Baic^^$-gr^ 0 i SftJfiSf&B-c^si-rsr tciot, £ t> ft rr ft 

T-#-5„ W * » * — HHiffi-eii, ^J^W«itl 4 0 6l4. «)3 0 CC^IWfiStt, 
^y y 1 4 0 4£rffl^Tg*tl 4 0 8JbT*-7-y«ir^l 4 0 2 5r tS S (C gi^ $ * 5 r 

tt-ioT, 7f£jE&£ft&„ fttoi^m^^x-f*, ^iioo < c*?ii<7>?a^i-T. /Kyy>-75- 

1 4 0 4 ifflV*Tt/fi ; Fl 4 0 2 Sr«ItS«S*5. $ b \C fa <D MMmm X 14 , y 
1 4 0 2 J± x 33 i IP*>. ^ft-?ftj& 18~22 C C. *<)7 60mmHg 

tT, #5 y y* - 1 4 0 4 SrfflV^T«I|E«tt*n5. 
[ 0 0 6 8 ] 

•7- / JK^-as Stti m B3fi S ft £ UttT&JR t? „ y yv7J-OS^ttS{4. SW, K*t 
=J -T ^ y^Xtf/XttI»»ft*| ir iNf-g-i" -5. ^ « R j£ tt S tt , iitf^ 
>T *>'&&RTf/X\-3ifcmi!£-&$:frl,X^ MM , mu =< - ^ ^ > y / xnmttmityo 

[ 0 0 6 9 ] 

-e, xtt, 3 o o *c*»©?isv^i&&-<?, %m-r;m*&. aisoftiSJif t^ftttvvs 

©iST^y y y*-i§«i:ittt5r H5T?f 5. ifilxlf, ^-/^^-^ /VAlrilti 
izMf&V, <Sfev^T*^yy^7j-^^>4 I ^cgm$^:•5^«^:^x•^£ 0 
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y fe^^»^Sr^^i-Sfc«){C, ^Jx«, v^? D jJ# ft( (attritting) . 

1 0 0 7 0 ] 

z-mmn. mmcommm z *mi& us ± ? jg-a- * -fr#^ 0 an*-*:. t;ef7^;^ 

[ 0 0 7 1 ] 

2fcl*iHfc*3&S-&**l,S. #];tf4\ Ti0 2 , SrTi0 3 , CaTi0 3 , Zr0 2 , WO,. La 2 0 3 , Nb 2 0 5 , SnO 
[ 0 0 7 2 ] 

2 - 1 4 B (D&iTFftgLMMmiH. HO6)Sttl0RS:^LTVN5 o b b & 3* , tK y y 

^#-ri, Si©s^ttS > Mx.ti^ or, or' , or' ' ft b s_ s - t » t* # * -t©» 
^ R ^ R* % R' * 14 1 oXiiStOTki, TVi^/i^ T^-ir^. j/u^y, 3£ # Se , fe 
5V^I47->;vSffc5iv X140R, OR' „ OR' ' 12 ^ a </ ^ ft, ifr -q $> 5 e #y y 

^#-{4, -[0-M(0R) i (OR' )j-]-, St/-[0-M(0R) i (OR' )j(0R' ' ) k -]-4 if© # y v- 

y h r t . r ^ , i, mtpktt i u±<Dmmx*i> z> „ 

[ 0 0 7 3 ] 

mi 5 i± N -gsi^^jTjfyy^^-, gp *> , - 8Mb ^ * >- (Tio 2 ) fye^ 

y (n-^^/V^ ^ h ) 1 5O0©fcfiiSr*tTV>5„ * y (n-^^^5=- 

* * - M l 5 0 0ffl©l§)^^ltLt, HI £ 14 b fc v # , # K: , i^oj/^-^, 

h) y y 1 5 0 0 14, ^ h * ~> (OBu) h O^fe-Ti-0-Ti-0-Ti 

-O-^^at^^-f-5,, 

[ 0 0 7 4 ] 

El 1 6 A {4 , t;fe^7^/^l 6 0 0©ft#fil4rf -£ *W4 , *K y ( n-;/ 

^/w^**- m # y y i 6 o 4 ic j: oTteEicfcttsnrv** > 

t;6 ^ ! 6 0 2 i^«iSjiTV^5. Ti0 2 -f- / tlf l 6 o 2©3tfl5*i*SfcjKy y 
- • 1 6 0 40^h**yli 6 0 6 ( X 14 ft!l © X /l^ * S ) i ©Sg |c i o T , 
^'i^t^^^^LT^tOt/t^- 1 6 0 2 ^SV\|c7!) y v? ( BP *> , ^fii) I" -5 Cl i 

* -e # , ^ © mm , t;Stl 6 0 2tt«lK»K4ft5, ^f>lc, #yyyA-iH 
4 r±Tio 2 o<b^«5ftn:SHHo**tS: ff5 ^ y -^-#^fT-foSfca6, t/tf l 6 02 <b 

* V V > » - 1 6 0 4 b <D7 9 ? i? (BP*.. ««) t^f ^fctt^J'^Tt, 

[ 0 0 7 5 ] 

Hi 6B14, jKy y>"7j-^fS?rStt-l 6 1 OlCjgffib. Hk^^Xt<D^V 9 > # — 1 6 
0 4±|ctyg^ i 6 0 2 !rffiIt5lMcJ:oT, HttMftl5r|t5lff 1 6 1 
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0±lC7£/&£;h,fc, 01 6AEt<Ot/S^7-f/VAl 6 0 O CD ^ « it 1 6 0 8 §r ^ L 

tv^. — &<k^ # s m.?- 1 6 o 2 & m\<^ zmTFftmM&iX'i-t, # y (n-^^^^^ 

* — V) 1 6 0 4 £^tf # y V — ^t5rn-y^/- A"P- Ic *g fl? £ i*: , Sit l 6 1 o C 

iSffl-r-Sc *yii^^-i 6 0 4 ©)8si4 1 y y — mm <om motfrnm- zzmtit-t 

5i # t? . — mik*?- * ; ft.*? ^ ;u i± i 6 o o & , *y yy*- 

•C =» — y/JJitl^l 6 1 0_hlcB2g-t--5 o Ti0 2 ^ / Oiffi*®! t * !J (n- 

^ ^ ? * — h) 1 6 0 4 (0/^^1 1 6 0 6 (^ttftferoT/Wrt^v-S) 
, tyfif 1 6 O 20ftli^ > t^ttyS^ 1 6 0 2 tltf 1 6 1 0±©gftfel 1 

6 i 2 t vmrn^mm-r . 

I^JS^J 1 ] 

[ 0 0 7 6 ] 

* #1 ^ 1$ 31 & T- B: , ^TcDipfcLT. DSSCSr^fig b fc„ 
/V A £ . Sn0 2 :F-e=i— K _k => — r-f y^Lfc. >Ky y 

/K y (n-^^A-^* h ) CD 1 % (fi*T-) n-/^ / -/V^?^-Cfco fc„ * 

!)y*-^iSl:i 5»ilSL, & v> -e , i 5 otict 3 o^MJniLfc, j^-e, ^ 

!* &3 £ *tfcTi0 2 7 w /V A M % 3x10" 4 <D N3fe 5H i& £: ffl^T % 1 B£ ffl „ 

^fttttt-^ fe'lttt u fc„ jfcv^-c. #y y y*-^i$iifeTio i! 7-f /vAiUota-f-f 

y/^Jlfe^y'f KA» 7 i ^:K>'tt* i e>A^"It6^2m i 1 <D SURLYN 1702* y Y * /V 

fc * ^ K^S^^ — ^-T^^^tLfc Sn0 2 :F#7^^7^f K i ©fal l^ttf C ^ Ic ± o T , 
0. 6 cm 2 ©*il»5:SJILfc. Sla-f-f V^Of Jli, iJ i t 6 O n mffco 
fc. HittttftMU AM 1. 5J:V^*l*y^V-^f|: (EP*>, 1 0 0 OW/ 

m 2 CDftcDfigJfcf) fciS^T. 3. 3 3%t>CD^V^fg7fe^m^^£^Lfc 0 ^5fcl.fc;fc:|S§ 

W-i^^m%^^^m ( r „ j ) 3. 02%;ip*DM|HjS§fl;JE ( Tv o c j ) 0. 
6 6V; f J^IIStl ( r I , c j ) 8. 7 1 m A/ c m 2 , Stff^lftiB^ (fill f 
actor) 0. 49 (0. 48~0. 52) £ L fc „ 

[ m m m 2 1 

[ 0 0 7 7 ] 

#y y — -r ; m^-mwinmm 
& w jf* & ni& m tt % n-^ ^ y — /nf» co - mit?- 9 s (P25. tJitsorocjt^- 

£ 2 0%co/w^/v^^Ti0 2 -^ym^Sr-g-|>^^ = Tt?S)<9 % ^ y If - ^ /V ;* tt a» h A 
^"Tfg) ®S^5. OmLSr. n-^ ^ y — /V 1 m L 4» I- * y ( n-/ ^ ^ ^ — h ) 0. 

2 5 g 4rttt5t>©t^iDLfc„ * H iS 7£ T* tt: , #Hy* -T-yfcA^-^iSt 3 ©/}* 

y » ft Ht » »5 0lt% mm fo £ cd a* £ u a> o fc . e ill cd S fi , K <b 

& « ^ CD # lit ft L K . 5 /V ^ ^ d> # ^ # :{£ £ T* ^ -ft; b „ S!)^lD7^;VAJf $1-^ 
ft -5 1¥ £ 6 0 m ra©f-7°lrix.fc^- K — ~T 4 7 SrfflV^t , S — * b^r^^- = 
V ^ £ tt fcSn0 2 :FT? =» — x ^ ^ $ ti tz 13 =7 fc. ^ = -f ^ 

^^ifiTgiH, 7 (S^tfc. 2fcV>-C. £ tufc 7 ^Ulri 5 0 

"C-C3 O^PIJOi^lL, I* £: f& * U , N3& if tf> 3 x 1 0~ 4 M ^^y-./V^ifc^ffl 
-mmfttetf-S-ZMM Lfc 0 ii £ *Lfc3fc««*Br SI co ^- Sue 12J Rfr e 

& (ff £ 6 0 n m ) fcSn0 2 : F "C =i — 7" ^ y/^tlfc^7^^7^ Kir 

= 3 V ik«fo-&WLW-mM'X t <OK A,fc„ ^ J* U fc * » * ffett , AM 1. 5^#-C6o 
CD»?&fCiBLT, ¥ n 2 . 9% (2. 5 7 ~ 3 . 38%) t? *> o tz . *P V 0 c f±0 
. 68V (0. 6 6 ~ 0 . 7 1 V) tfcD, ¥«I « c 14 8. 55mA/cm 2 (7. 4 
5 — 10. 4mA/cm 2 ) ffe!), ¥^iHH^I4 0. 49 (0. 48~0. 52) X* 

[mmm 3 i 
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[ 0 0 7 8 ] 

y y. is * - & m\t^-r icM'&zn acdssc«?& 

* #1 ^ ^ T? tt , If«ltti3 7. 5%CD~^fl:^-^> (P25) JSStK^^St. 

-4 ? v (microfluidizer) Jrffl^tigL, = - f ^ > :/ $ tlfc^f 7 ^ ^ 7 ^ 

K-tfcr^nitt^-T^ v^$;h,T^.5:7y|f#is § ttfcSn0 2 ^«tt«^ (1 5 A/ 
cm 2 ) _hK. *f^=>-7^^^Lfc 0 ailiftf^ya-r^y^f^?^ K 
1 5 5>ra^$v^)^ 1 5 0 tt 1 5 ?>f B 1iDf!&I tfc. K^-^^^I&K) 

ffi L . 8 oncJC^-Ci^Spb, N3fei©3 x 1 0" 4 M 31 * y - /i. |£ i& 1 B# R8 g 

■f-ff?* ^7.^ K»l»*iI^T4 0lCK-Ctt»*tfc, att«*tt**«Sr/h^ (JStt 
^i£0. 7cm x 0. 5-1 cm) »C #1 #r L , & =» — 7^ V ^ AQ. 3g £ ft, fz. Sn0 2 : F- 
9J #^m&;tf ^ * .x 7 K ft3 & A, fc „ 3-y h d = h y /HfJli 1 MOLiI, 0 . 

05MO3|>f, jyi MOt-7*f/Hf!J ^^^fLTslSWlSffJ, 3t M * S 

AM 1. 5 i^5§#|CT¥^*g3£f J|a$^» 3 . 8 3 % T' o fc . CI ft, h 

<omm<D^ am 1. 5 „ xw*gt»#tt i , e , v c c % Mtxnzimxmco 

mm ( rv mJ ) % Rvmxmti m * 9$ mm ( ri mJ > « 1 ?>?y a kieis ltv> 
5. 

[ 0 0 7 9 ] 
I * 1 ] 



A B C D E 







0.1% 


0.4% 


1 % 


2% 


y) (%) 


¥±$=3.83 
(3.37-4.15) 


¥±§=4.30 
(4.15-4.55) 


¥±§=4.55 
(4.4-4.82) 


¥±§=4.15 
(3.48-4.46) 


¥±§=4.15 
(3.7^.58) 


(mA/cm 2 ) 


¥±§=10.08 
(8.88-10.86) 


¥±§=10.96 
(10.44-11.5) 


¥±3=10.60 
(9.79-11.12) 


¥±§=11.00 
(10.7-11.28) 


¥±§=11.24 
(10.82-11.51) 


V«(V) 


¥±§=0.65 
(0.65-0.66) 


¥±§=0.66 
(0.6-0.7) 


¥±§=0.71 
(0.69-0.74) 


¥±§=0.7 
(0.69-O.71) 


¥±§=0.69 
(0.68-0.71) 


V m (V) 


¥±§=0.454 
(0.43-0.49) 


¥±§=0.46 
(0.43-0.477) 


¥±§=0.50 
(0.47-0.53) 


¥±§=0.45 
(0.4-O.47) 


¥±§=0.44 
(0.42-0.46) 


(mA/cm 2 ) 


¥±§=8.4 
(7.5-S.96) 


¥±§=9.36 
(8.75-9.71) 


¥±§=9.08 
(8.31-9.57) 


¥±§=9.14 
(8.70-9.55) 


¥±§=9.28 
(8.66-9.97) 



[ nmm 4 ] 

[ 0 0 8 0 ] 

ftnmmx'it^ mmm^^mm 3 7 . 5 %?>P25®s?£!fe£-^ ^ n ^^{b^gg^ffl 

V^T^SSU, 7 y £ ixfcSn0 2 ^«ttm@ (l 5^-A/cm 2 ) l:ioTn-r^ 

^^$ttfe^7^^7-f K Jb K X fc° ^ n - 7- .f > ^ L fc „ ^ gg ~ fl&*b ^^^3-^^^^ 

£ ix fc x 7 K $r&) 1 5^F^?g^^;^u. 1 5 0 *C t T 1 5 7>B3JDlfeI L fc„ ^ & ~ & 
it?-* v =1-7- ^ > $ thtimm&tf X X 7 W KSr. n-^* y -/Kf fc: # y (n-^^/V^ 

^^-h) Sr-^^-c^s # y y \c 5 ftmmmz^, ^ju- «t o x. -r ; 

^lS^r^M^lL, *-^VrtT?l 50lCttl SdHllomfeiLT. 

fc„ SR^7-< KSr*-^Vi»?,8t9mL, » 8 0 t t i fft^l t> N3£, * © 3 x 1 0 ~ 

4 m y -^mm*\zmimmmmLtz. sg^Tttttt-s- s^fc >^tmm 

■frfc. ^ M # ft # HIS £ /h >t (SttffiHEO. 7 cm x 0. 5-1 cm) \Z ® ffi b , 

^^^S$HfcSn0 2 :F-3BJ^^«^^7^^ 7^ K ffl I- R Ay fc 0 3-^ 
^^n = hPA-ifilciMOLil, 0. 0 5M03!)!, Xt^ 1 M©t-7*f /V f !) 
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xmmvtc. mm & tut* am i. 5^#t© 5 xv^iiifetiii , c % 

v, « , v„, »vi„ft, *ik: 4 o . i w t % mm iz m u x tt m b k , o . 4 w t % 

^ ?£ IC §§ U T fi ?U C {C , 1 w t LtliJIlD t, 2 w t % |§ i£ |C §i L- X tt Pi E K 

, IE® Lt^S. 

[Hlfcttl 5 ] 

1 0 0 8 1 ] 

y— /Kfj o . oiM<£>5Ky (n-y^/v^- * ^ — h- ) Sr-g-Az-e^S/Kyyv^— ^?^-C5 

7 4 KSri^ 5 ft m It tc 0 *(D'&, % m * 7 J K . <j£ tfc £0 f fc:**) 1 ft ffl « 
dt£-grfc. ^ffi b fe^fiS^J^^tt, 1 : 1 (O^/zjl ? / -jvfe&m. 1 : \ <r>i^/ ^9 J 
ict-y^^f !) i?y?r lMtA/t^5g$ % 1 : .1 ©7k/i?y- 
K: HC1 £ 0 . 0 5M^-A,T-£fc5 *g ?£ t? £> o „ S^^v-f KO H 1 oSjSPlS*> b © 
5^f B ^ltfc„ S^^7-f K?;l 5^|^^SIL, 1 5 0 TCX 1 5 
felLtSlSri* t; #: V^-?N3feSf 3 x 1 0 ~ 4 M /V^fBe«f{Cj^)l^F^g 

^7^ KKI-j*^, 3-^ h^r-y^f H^tt lMCLil, 0. 0 5M03 R 

o bp *> . mffimmmizmmz^iF&^tfvv^x — mmx&mztvx^^ti^^xr^v (pi 

A) ; f^KS^J * tC ttgS $ -ttrT V*fc V^S, y y*-i«-CttMl^tlfc^7-f K (?*J 

b ) ; « c ae> ic * y v >■ * —mmxt&m »v^-ei : i©7k/x?/-;ws^fet>icg 
«$^rfc^7-fK ( #1 c ) ;ttCJ6{c^yy>-^— ^fffi-e^^u, v^ -e 1 : 1 <z> * / ^ 

^ / — /wiS-g-Sfc 4* t-7*f y v^^^r 1 M-g-A/tr^^^^^ica^^-frfc^y-Y K (?"J 
D) ; \± C #> # V }) is $ — mWiX mm. I, , &V^1 : l^Tk/^^y — frU&®)<P\ZHC 
ISrO. 0 5M-g-Ay-Cfig^^^tt>lCg*^^rfc^7'rK(^JE) ; tttfcl^y !) y*- 

[ 0 0 8 2 ] 
[* 2 ] 



A B C D E F 







O.OIMTiBut 

T^a 


1:1 EtOH/H 2 0 


lMt-BuPy/l:l 
EtOH/H^O 


0.05MHC1/1:! 
EtOH/Hp 




77 (%) 


¥*3=3.92 
(3.75-4.15) 


¥19-4.41 
(4.12-4.74) 


¥*3-4.n 

(4.06^.15) 


¥13=4.34 
(4.27-4.38) 


¥13=4.67 
(4.61-4.73) 


¥13=4.41 . 
(4.38-4.45) 


V«(V) 


¥13=0.66 
(0.66-0.67) 


¥33=0.66 
(0.65-0.66) 


¥13=0.65 
(0.64-0.65) 


¥13=0.65 
(0.64-0.66) 


¥13=0.66 
(0.65-0.66) 


¥13=0.66 
(0.66-0.67) 


(mA/cm 2 ) 


¥13=9.97 
(9.48-10.56) 


¥13=12.57 
(11.7-13.22) 


¥13=11.85 
(11.21-12.49) 


¥13=11.85 
(11.21-12.49) 


¥13=12.51 
(12.15-12.87) 


¥13=11.63 
(11.25-12.01) 


V m (V) 


¥13=0.468 
(0.46-0.48) 


¥13=0.434 
(0.4-0.457) 


¥13=0.44 
(0.43-0.45) 


¥13=0.45 
(0.44-0.456) 


¥13=0.457 
(0.453-0.46) 


¥13=0.45 
(0.44-0.46) 


(mA/cm 2 ) 


¥13=8.36 
(7.85-8.89) 


¥13=10.08 
(9.57-10.37) 


¥13=9.27 
(9.01-9.53) 


¥13=9.52 
(9.22-9.75) 


¥13=10.23 
(10.17-10.29) 


¥13=9.67 
(9.38-9.96) 



i £ % m e ] 

[ 0 0 8 3 ] 

ttiStiOl 5 O'C^cDJtoffa 
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Ufc.. =£WiX =7 4 / -/PfUc* V (.n-y^ju^- ? * - h ) £• 0 . 0 1M-£A, 

t-^5{>0|C3 0#ragi$t> 1 5 tfP^^fS;*! ^ 0> & . 15 Si * :? ^ K £ , *- 

>ftx i 5 oic-c i o ftmmmtem \^tc 0 Joiai $ ttfc^^ vg$<fb#>« i-N3^^^^ 

.1 0 ^ff^Sfc L fc 0 SS^^tt^tS^gllfLt, SttH^c 0. 7 c m x 0. 7 c m <D 

xmmmicv. e&^o ^ ^m^ntcmmmmmm vz#a,-is. 3-y k^-^^^d = h y ^ 

tie 1 MOLiL 0. 0 5Mtf>3?^, 5 V 1 MOt-/f /Hf J i; y ^ 

mmm*. ftn&t&&#>^2temzfritmmmnmt<DmK?£ ! 'gftm\z£~?xmmvtc 

. ¥^J7 3. 88 % (3. 8 3, 3 . 9 R & 3 . 92) , sp j§ V „ c 

0. 73V (0. 73. 0. 7 4 RU0 . 73V) . I . c 9 ' 6mA / cm 

2 (9. 88, 9. 6 5 R t* 9 . 26) , £ ^ L . iJifeft^TAM 1. 5 <*> 3= # B# O 

[ n *£ w 7 ] 

1 0 0 8 4 ] 

^mmmmmmxtt. -®zit^ ? ^ =• ^ ^ f ts ntc. mwtemm&mfcvox = 

7^ K$r> n-^* V - * * y ( =f- >v ^ 9 - h ) Sr 0 . 0 1 M A/ "C -5 

x 7 o «ct? i o # ad a bfc„ *p^*o-s $ tufc ^wtitvsm \zN3&mmm& m v^x 
mm^fc 0 mmmft&ytmm&wm vx ^ m&mmo . 7 Cm x o. 7cm<7>*^«?& 

OLil. 0. 05MO3^Si. Si;iM©t-7'f;Pey -Jy^^tLT^Sf flclfSf ^ 
, JttltfiAftotfeii^fcitttMioBIKiffpffliaotlflLfc. Mil**; 
m « . ¥ ^/ 77 3. 62% (3. 55. 3. 7 3 .&. 3 . 5 8), ?^V a c 0. 7 
5V(0. 74, 0. 7 4 Rt;o. 7 6 V) , fttfjp* I , c 7. 9 6 m A / c m 2 ( 
7. 69, 8. 2 2 97) , £r ^ L . :il?>ii4TAM 1. 5tf>35#B*Ot>tf> 

immms] 

[ 0 0 8 5 ] 

* #1 ^ 1$ 3fc J6 #J T* IS , JP£tt200jim, ^ 5 x 8 7 ^ - h H^-K)PETS|t^ N I 

/V— 7*=i-h^ (loop coater) ll^ftfc. n-T' ^ y - ~ 
Sfc-ft^ * > ( @ W ft 2 5 % OP25) £-g"A, T*j£ 5 Sg*§4& 1 8 . OmL^.n-^^y 

-/H OmLtl:-K!) ( n-^ 5^ ^ ? * - h ) 0. 5 g & A, X ffc Z 1* <D & ^ J Is 7 J ^ 
(in-line) T* M "a" L , ITO^ — ^ >• ^ £ ft PETi/ — H|l3-f-f >• ^ L 0 62 S ^ 

„ => -7- y 5 o °c\nxm i ^MtRUft &^-r*, MsRtss&ft \^it± / n. 

?-m * , N3£.?jf tf> 3x 10" 4 M ^^/-/WiMlCfciJ^-^v^U, Si i# £ H 
[ 0 0 8 6 ] 

ftfe©^J^«)^ig^ffi{c J;ftfi, *^g^{i. «Sfc<Di§#:£U/& (gp*>, 
«*LII5 2oXliJ:5#<oi)^>K^«i5»f) i>^*A>f;*-^fcJf©£«^f 

& z> & vo x 3o z> „ mmmmfcyoi* . wf^i^K^^^ftfittsrHif^ 
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y ? X it^m<DM t V X tt. Mx-ti. & \Z 3 <? B / = 3 ? it® . Fe 2t /Fe 3 \ Co 2 + /Co 3 + 

, Rz? i? * u y & t, iv z> . mm is k y i? x&fttt^ ±x <d mmm. & tz c «> t -r % % 

[ 0 0 8 7 1 

y ^ ? A-r y u-tf = y is) t m& zmtft u v^ 5 ^ t s *lt 

y ^ ^ ^- > t mmik&®. # #1 « © -y- -r h x v t- j»4 trnwn u 
# 3 *k y (4- if = /p k- y i?^) , Sr^v^-c, m&temMnmm*: ? /wt £ ^ •& r t &x # 
So ic^o this! £ ttfc®^KM^^«. mm 3 ? ^mrtv-* 

s^itT z>%kicxmw,m<y /^mMX?ix± cx ^ m vx z> . 

[ 0 0 8 8 ] 

« £fc tf> -y- ^ h-C^JS-l'^->'t^f*:«r^^-t-Srt^T-#, Rofr&WX (Ofemizm VX 

— # ^ * S^Iiroi^ Wtli, ? u * v . ai^.^ /p N if wy/^n f i/y^^t^ 
K/^f5yt^^h % i^y^y, bf y * > , n-;*- * -y- -r k . >y- y* 

— ^ % H/7/-/K i^fy v?y > ^yy^, #!)7;y, #J75K, S^, e - *J * 

[ 0 0 8 9 ] 

2 oXte <fc t)#< oy K$>SV>ttmifS (ligating group) £ J$ o *K 

y fc^vMi/j^^f jrsitsr tiK-t^. m + &mcom 

ffity ^y tt, tft-y^^, y tr y ^ , ? u?^m, jj^-x^i/u-vm 

[ 0 0 9 0 ] 

ittt, ata, ^5pee^3 \zx nm-r ?> 0 m* (om^^mmmm^a^^x % mmnmm(o^m 
« . m x. a ^ ^ y — > Ri J?!) ft ^ s. v if 7 tr r «'J r w © <t 5 * jsu et m & m v> m <d v ^ 

. Li\ Cu 2 \ Ba 2 \ Zn 2 \ Ni 2 \ Ln 3+ (Xttl©7y?=K) » Co 2 \ Ca 2 \ Al 3 \ Mg 2 
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[ 0 0 9 1 ] 

0 i s mm* y uph^v^^u^^^-^-^ k (peo) t Dfn-ft^io 

i»»^lu<tot?g^Slifcy;H;«f l 8 0 0 ^^Lt^5 o PE0# D - ir * ^ y 
[ 0 0 9 2 ] 

»tf0i-4Sr#it5t > mmffimttft 115, 215, 31 5x0141 5», tit 

y f- v a o j; 0 ft&msc * v ^ mmwrnm. sr-a^-ev^s. ^ t> -a-* 5 r t 

-c, 1 1 5, 2 1 5, 3 1 5&tf4 1 5«-eo^^icigufc^*;v^m^«ffl 

**S:t)St5;i45-C#5. -**^tt-cri, SItti«#fH 1 5, 215. 31 

5^154 i sti. ^Ki/^^^sr-^tp. jg^j^^Ks/^^^jcfi, mmRv/ xt±mm<o 

^Ky^^**s**tuS. tWi^lCflHt, PS j£ ft L * a$ , jjMb -k y * A ( II 
I) /iry*A (IV) „ h y * , 3 jrflj-y ^ * A/ 3 Fe 2 + /Fe 3 \ C 

[ 0 0 9 3 1 

? >\''m.mm.m.fcm-&^ts dssck itst^t tx*«ii©s ?>^-5^j^«j^js^j^^t 

ttO. ^* = X®@i& (ISilSSSiil^Tilf fl^li 3 0 — 3 7 % t Z> i. o 
i^mm £thtcP2S) £ % Sn0 2 :Ffn-f^y^$ftfc^7^X7^ K (1 5 - A / c m 2 
) ItX/s'y^rt^ h (spun cast) L fc . 8Mfc^*^?>Jfcg!!l$&J¥£tt:, *J <t 8 m m 
T-feofc, ^y^^fcSiXy-f K^ilT^MKl^t^ 4 5 0 tl:t30^ 

m m m £ * . SiXy^KlllSOtiaT-ftSLfcl^ * 9 H * N3fe it 3 x l 0 

0 . 7 cm x 0. 7cmi*©lfttLfc„ IfLfcy;^, #7^f^ffl^^T 
TtmS-hKiS/BL, 6^=>— T^^^^^ixfc, Sn0 2 : FT* ^ — "T" -f ^ }l t ^ 5 ^ Utt^f 

7 * 7 Ff?9 Kgg LiA A,fc\ AM 1. 5tV^*if$al/-^ 

* # ( BP *> . 0 O 0W/m 2 ©TtOUt) T «J JE L 

[Hife^J 9 ] 

[ 0 0 9 4 ] 

9% («*TO O^^^/j^AaJ/ftftS-f^yttiiif^tf^o^ (MiT) Sri A, 
t? fife t» , 0. 2 5MC3|)iS(;o. 3M»^^/P-<vX^$yy-/v^a^-^feiirfcfc 

<v*mm a* ©^ift«i*wit*5v^T, 3 sis < £ t> o . 1 0Mffc5t 

> -ff-A,* 5^/5 7.A^ F (MeBuIml) * ^ fc . *fi«^HC, 3 -7 * ft £ 

Mt45*^ii±#tfc, mm<D®.f&m^s tutv j-v j»zm>M-tz t . * &§ m * # & v 

[ 0 0 9 5 ] 
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[* 3 ] 







1 wt% I il 


S^P + 


4-35 , 

mm + 

J Wl XO Lrll 


.> Wi/o L,ll 


T,(%) 


2.9 % 




3.75 


3.70 


3.93 




0.59 


0.61 


0.6 


0.6 


0.61 


Isc (mA/ cm") 


10.08 


11.4 


11. 7S 


11.79 


12.62 


V m (V) 


0.39 


0.4 


0.39 


0.4 


0.39 


Im (mA/ cm') 


7.44 


9.02 


9.64 


9.0 


10.23 



[ 0 0 9 6 ] 

ftUB^ ( r ffj ) &&.Tx*&m $tts m\m&m.EE t m.mmm. t <nm\zM 
•t s *:myt£&%)m<D tt „ bp^ff= /[v 0 c * i , c i^bStat^ : £ a* -c ^ -5 „ 
I&ttftl io] 

[ 0 0 9 7 ] 

tt % # & <0 ft Jb K: ft £ * 7" ;*- ^ «> 3b 
:*:»ttfetttt0ftJ2d*y^9Aa&&i;:,i:£t>0&<z>av 3 9fc4fea>#ttlcj:£t>0>;fc 
<o a> & $| a> £> $ * ic N y ^ a , # y a , t-^ijAs^f h 7 7"d t^ry^^^A 

^«j^t*5r*jfeL.fc 0 a $Mt » a w: , 3 7 6 M m o i / ? ? - mmmMmmfS.®) \zm 

lit. ffl mm.F8.yo , 9 9 % OMeBuIml tl%(Oi^t^^^-^ 0. 2 5MC3 ^ 

mm.t&%>i ^ 7 a a fc 9 3 7 6 m m o i <D m * <o * ? itmm.* . mmmmn'p mmm £ * 

ft Jb K ^ U ft t> o fc & tf> cd x LiV;^tt«Vofi^4fc£lfcii£bT&S£;ftfc*|S§«?fc 
m 5r ^ b fc . 
[ 0 0 9 8 ] 



[* 4 ] 





mm 


W+Lil 


mm* 
NPR4I 




mm + csi 


n (%) 


3.23 


4.39 


2.69 


3.29 


3.23 


V„c(V) 


0.58 


0.65 


0.55 


0.58 


0.6 


Ise (mA/ cm 2 ) 


10.96 


12.03 


9.8 


9.91 


10.14 


V ra (V) 


0.36 


0.44 


0.36 


0.4 


0.4 


l m (mA/ cm 2 ) 


8.96 


9.86 


7.49 


8.25 


8.32 



[ nmm 1 1 1 

[ 0 0 9 9 ] 

*$&WCD-mm\Z$>\,^X N MeBuImI-<-^ MM Wm&.®>& » MePrImI-<- ^ « ft? « i 9 
* i (-^<^Bgi-2>^i:SrBmUfc ( , *P^T. S5l:iti5t« MeBuIml t MePrlml t <D 1 

/ 1 jfi-&**S|ieBuimiJ: t» ^ £ ^ &m & fjk i~ ^ t m & t> Mn£ £ ti 0 

[0100] 
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IS5] 





MeBuIml X<Dm^WMW%iPX.W 1 
y^J^^TZV 376/iMCDLiI 


MeBuImL^MePrlml ^—^CDg^^^S 
1 i/^JjK^Tc D 376/zM Lil 


n (%) 


3.64 


3.99 


v~(V) 


0.63 


0.63 


I„ (mA/cm 2 ) ! 


11.05 


1U3 


V m (V) 


0.42 


0.42 . 


I„ (mA/cm 2 ) 


8.69 


9.57 



[ mmm i 2 i 

[0101] 

# 0il ^ #1 ^ JS #1 T? 12 , 0. 0 911031)14:, 9 9. 5 li % <D 1- 3~ A* -3- 7° o fc* /V 

y (Mf = yvt5i?y) ( rp4vpj ) o. 2 g £ £ * fc„ $ e> # e> 

A^^{C % 3r^ : ftte^^fe£l > 6-i>:/o*^3r-tf->- 0. 2 g -e^lu iot 

10 10 2] 

(i) 2w t %OP4VPi:, (ii) 9 9. 5 % © MePr Iml& TJ« 0 . 5 % <£> tK d> t> /«£ -5 

Sfct) 3 7 6 n m o 1 <D >J ^ * A & ) Z f/Ufcffl t Lt ffi'/H t5t, tCty^ftiifit 
fc„ S^LiSI^<//vSrJ|RW U-CVn T/PSr ± T S o T t> . ¥ A-li «E ti -5 J; 5 ii Wi 

frtifrofc. 'Jzfn ^-fk-^^Srffl VN^*-j£T-t4. $g « ft % £5 % ft: f |r Jgj jS3 b T -5 , M ft 
M VfuMMK^^.^. lift 3x 5 J; b I- Ki tc ( l o otlct 3 o^fiy^ftLfct 

. KT©*6Si;7i:#ifc 0 -^o^^^b. dssc-< — ^ a>;fclB*i6<o«3iu:3i ixvv 5 

Jb £ & r t & t>fr 5 „ 
I 0 1 0 3 ] 
[* 6 ] 





ffl^A 


2wt.% P4VP 
ffl/&$J A 


MeBuIml ^— XCD^^ff 
+ 2wt.% P4VP + 5wt.% Lil 


77 (%) 


2.6 


3.04 


3.92 


V«(V) 


0.59 


0.58 


0.65 


U (mA/cm 2 ) 


9.73 


10.0 


11.45 


V m (V) 


0.38 


038 


0.42 


^ (mA/cm 2 ) 


6.82 


8.04 


9.27 



[0104] 

im 7 j 





(a) WLJ&m A; 

MePrImI:7jc=99-5:0.5 

2% P4VP S:l*0.09M 3 S'l^O 


(b)(a)£HC»JG£* 

{IL* 5wt%m<atr 




; ck<Stn^ 






2.53 % 


3.63 % 




0.55 V 


0.62 V 




9.82 mA/cm 2 


12.29 mA/cm 2 


v m 


0.343 V j 


0378 V 


FF 


0.47 


0.47 



[ mm m 1 3 ] 

[0105] 
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IliiSi^'igairttS^i^^^ofc. ©*!§«?&*l#tt Sr&ftl" -5 fc iD lc , Me 

Prlml, l%©7k. 0. 2 5MC3 !>f RU!0. 3 MO ^ f /l/^ y X-f $//-/V^^f 
tSlififi^fel^yASfc^^ 3 7 6 /imo l ©Lil« LiBr, & tfLiCl$-/8 V^c. r 

tbp><os^w^^tf«?a<D^:igm?a#tt^. s 8 ic x „ 

[0106] 



i m s i 







□Br z^mmmmtfL® 






326% 


3.64 % 


3.71 % 


Voc 


0.59 V 


0.62 V 


0.65 V 




10.98 mA/cm 2 


1 1.96 mA/cm 2 


1 1.55 mA/cm 2 




0385 V 


0.4 V 


0.40 V 


FF 


0.5 


0.49 


0.49 



immm i 4 ] 

[0107] 

#»f£ft (passivation) R If DSSC CD gfc g $ ft tzi & m t 3t ® tt A 

>• <d f^v'^d f — h y ^ mm z>^\-t{& <o mm *\z.&-r t ic ioti&a 

5 - t SrQ-g-i- 5 . g& ® cD , f-9=-Tlt.}*<b'i~S-* h !) ?>B©fi$ffiIi, US K 
W$lft*ett^iaj£5tJS35#t-$£SUTLli; 5 0^0581-5 r i as t? # £ 0 ASift^^fSttft^ 

Dsscq>tcmr<^L>ti2>m&n, ^st45>4v^?-cfc5. ^stt-fb^s^nis-ar-r, y ^ 

!> AOtftfet?r^V>5 r t 0. 6 5 V<t!)KV^StA^S^§tl5„ 

[0108] 

##J^ (ft MMW t? tt: h DSSCtt: „ -t ft 5r X-^f-A' tT y 5? > © 1 Owt% ^ h 3r 7° n t 
h !) ^Sf.iBt tti 5^|gt:tiaot > # ?g ft 2 ft 3 „ # ig te ft « , Dssctt & 

4 0 «C K: « ft ;* 7 -f KJPift^g^ffl V^T|f| 1 0 £ -frfc MePrlml, 1 % CD tK , 

0. 3M©^f/^yX^f ? ^ y — /V, .& 0 . 2 SMcoa^^Sr-^tfm^Kjafife^li, 
**WRl*5^Ttt;BL;/i:«l**#ttfiJifcJtol ^7A^fc9 3 7 6 ^mo 1 CD L i I % LiBr. 

tfLiClSrffl^T <^ft L 7h „ t-7*^/vf y 5? x -< - ^ cd # ft #J £ « ft? R & /8 -f 5 
-tluiot. DSSCcD^t® m^3 J4l»J± bfc^, ^-B^^cD^STtC i o TDSSCcD^)^(4ffi:T 
Ufc„ «9tt, a^cDy^!>A^xn^*vft:feSr^tfm«W©^:^«?6#'l4t-^-f-5, # ?§ 
ttftcD^^Sr^<t«>Tt5«LTV%5„ 
[0109] 
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ui T*YMtLtznmm 


LiBr WfMtLtz 


LiCI WJHbLfc 

mmm 




3.5 % 


3.65 % 


3.85 % 




0.61 V 


0.63 V 


0.65 V 


Isc 


10.96 mA/cm 2 


11.94 mA/cm 2 


1 1.75 mA/cm 2 


v m 


0.395 V 


0.4 V 


0.405 V 


FF 


0.52 


0.49 


0.5 



i mmm 1 5 ] 

[0110] 

# y ^-^fc*y^> : S:-&tf««IK»^%^y^{l:t-5^coy^^A(o«:Sij x yA- 
y^^A^^-^-^tt. 2w t%tv^'>icfcv^t{), ^^^^wig^Ky-v — . 011 ;t fi 

# y v j*rx*± is v j*?£ }? (D{&(DT v &m & z> t x-, y ^itm&t&nMvtc. 

f/W5//!) OA'f^i/K (MePrlml) s 1%©*, 0. 2 5 M CD 3 £ sit . 5150. 3 

^■«&fig^c75^.^ % f v^fcH^^#tf/;v<bLfc. thy # y ? a . & * ? a 

A ^ <D g# & M ^ ;t W£ CD H fa & JS "C & -5 «, 
[Hffi^ 1 6 ] 
[0111] 

^ *y&WtftnMK?^~-<D 3 ? mRif y ^ * a s © » 

* #J ^ 1$ * m M -e » MeBuIml. a?*, S.l5 2 w t %CDP4VP£-^tf « ft j|& j$ 4fe £ y 

^!?a^s:^jidut, y^zmnvt^* mm? ^© , ssiBj&jgbfc. N3& 

9**9^ KSrffi V^Tt*!^ bfc LiIS.l5LiClcoiS5^^, '> * ( 2 % X' + # ) © P4VPC0 J: 
5ft#t#7£/&"5rigjKy-^ — 5r-&tf^^->-ttfS#:-< — * (D ®. f& V>> * V it £ a * f-/V^< 

xxw 5 ^>/-^s:^v>fc«a^i^-ett > y ^ A»±5feigm* fc^^^^tr ^ Tfed^o fc„ 5 

w . t_% tt , ^ ^- >- ffc # v 5^9 9wt%©/f;Mf/K5y/!) i'A^t^K, 1 w 
t % <D 7k . 0. 3 M(D ? f-/U ^yX^f^/-;K & 0 . 2 5 M© 3 |? f ^ b 4 5 
fel / 7A3f:9, 15 3 7 6 ^mo 1 © !) f !> A J|^^tfffi/gfe|c}| ^ f 5 „ ^ot, 1 
w t % , ;T V ft # jjfl j& ig, 1 ^7Agf;!) 376/5 = 75#im.o lCDy^^Aig^ 

[0112J 
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5 % LiJ 


2.5%Lil 


5 % LiCl 


2.5 % LiCl 


0.05 M BOM 


n = 1.6% 
Voc = 0.6 V 
Isc =4:89 mA 
FF = 0.54 
V ro = 0.445 V 


x] = 1.23% 
Voc = 0.59 V 
Isc =4.21 mA 
FF =0.495 
V m =0.415 V 


ti = 0.64 % 
Vc< = 039 V 
Isc = 2.95 mA 
FF = 0.36 
V m =0.4 V 


ti = 1.19% 
Voc = 0.58 V 
Isc = 3.87 mA 
FF = 0.53 
V ro = 0.426 V 


0.1 M 3^ 


n =1.22% 
Voc= 0.48 V 
Isc = 6.46 mA 
FF = 0.39 
V ro =0.349 V 


H = 1.29% 
Voc = 0.56 V 
Isc =5.12 mA 
FF = 0.45 
V m = 0.386 V 


H = 2.83 % 
Voc = 0.57 
Isc = 9.04 mA 
FF = 0.55 
V ra = 0.422 V 


il = 2.06% 
Voc = 0.58 
Isc = 7.14 mA 
FF = 0.5 
V m = 0.42 V 


0.25 M BOM 


n = 2.58 % 
Voc - 0.55 V 
Isc = 1 1.49 mA 
FF = 0.41 
V a = 0.338 V 


n = 3.06% 
Voc = 0.55 V 
Isc = 10.78 mA 
FF = 0.52 
V m =0.36 V 


n = 3.4 % 
Voc = 0.56 V 
Isc = 11.32 mA 
FF = 0.54 
V ro =0.369 V 


ti = 2.6 % 
Voc = 0.56 V 
Isc = 10.18 mA 
FF = 0.46 
V ra = 0.364 V 



i mm mi 7 ] 

[0113] 

* m 7* m m mm t» i* „ ^/^&mRTf±mmm<&m^<D* <n&m*tkm-t z fc^jc # v 

•v-S* Z&it £ iirfc. I»f»jS«ltUT, 9 9%OMeBuImI, 1 % <D * 

, 0. 2 5 M (D 3 $ M x 0. 6 M©LiI, St^O . 3Mff^pi-^/U^<^X4S.^^~- /U & 

Asx-tt z>m&®)& m^ti. *y v-, gp*»P4vp. <ommi*. 1 5 % k * -emit z * 

HJ> o < 9 t git fx, & X. o \z. m ^ fc o 2 % „ 3%> ltF5%©^;HS, 

ofc„ 5 % WP4VP§r-g- tf ^/W*. 2% P4VPg^ StltikgEUfc^, foi|*tfJ,5i 

'•^^■fc. *i ii*. ufca^r <DP4vpjga =sr^--r £ ^^y/Kotitifittt^i t 

[01 14] 

* h , P4VP-g- ***^t J ^L-T*SS^iS^^>T l t ) *^m?l&#tttt^'^bL^v^r.t^^p^ 

& 0 * ?- X 4 % ? — /^^i N i«v^7,S^||3S,-i-5fc^6^^: ^ e:^S^:$tv5#-g•^sfe5. 0 

. 2 5 MIC * 3 ^ ^jg^$:^i?> 5 r {C «t o T t> * . iRj-h-r -5 . 0. 2 5M& 

~ <b as m a £ tb fc 

[0115] 
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I A> Y*\ V r 


2 % P4VP 


3% P4VP 


5 % P4VP 


n (%) 


3.23 


3.48 


3.09 


3.19 ! 


l« (mA/cm 2 ) 


10.74 


10.42 


12.03 


10.9 


V»c(V) 


0.59 


0.59 


0.6 


0.61 


V m (V) 


o.jy 


0.4 


038 


0.40 


I m (mA/cm 2 ) 


8.27 


8.69 


8.07 


8.03 


FF 


0.51 ! 


0.57 


0.43 


0.48 



[0116) 

co-sensitizer) 

fo^ z ~ t m 1 - 4 ^ ftKmmz tvtimyt&i- ; n^F-wm 1 1 2 ^ 212. 3 

1 2S^4l U«S*t5rtj5-ct5. 8l-4KBLTJ:JllfcJ:5l:! ii& * £ 

Al* pf«3t©«ft^03Eiftft-flBJi * Jt, J: o T . Br 3 © * IB «» 36* # £ -f 
So «^»4-*Jfc»«t?|i, U < ja, (i) fll^cgAtfMi 

AtfcatlC «fc -o T£ C#£ * ^7 ^f/V©*?!^^^, Stft (2) * 2: ^ 14 # #J £ 

¥»#S£te4& k @s^-r 5ig *^-rz> % ^/w^^v^^^^^ - k © ± ? a •£ -a- s 
v Sr-^tfo 3 £) ft J# & ft g> ft| t u, Rgj&f4 Lft v^s, 5? # J£ T 5 V (tflxtf. hy 7 

o 

[0117] 

2. 2 12. 3 1 2&t*4 1 2 0fi»f |cl^6f,|iagJ^ T ^ 5> * # * E ffi *S £■ * 

vw4 x 7 ^ h-^y 7 — h cox o u — i m&m\f hthz> 0 

[01 18] 

*B2&^£*i,fc=f-* = J:lc#ia* £ & Z t * g§ m 3b 3s =5* ft Jb -5 i: fc^-MS* 

5. * 1 2-1 6 T?f4, AM 1 . 5 t V* 5 5 a ^ - * £ fl= ( BP *, % 

1 0 0 0 W/m 2 Jrffl^T, * *r 7 ? * V V - is 3 ^ * MM X, tc . 3-* h * 

v-^n^v^ h y /UtpK 1 M©LiI, 1 M©t-^/Vf y o. 5MOI,itA/T?* 

S«f*«*K«r*JB Ufc. Stl^tfcr-f^b, fia-cfcESiK * *tfc («i 5. l 
7Soti8) f ^ = 7t/s^st;ilfi-e«ziis$^fc 13, nxtfie 

) f ^-7t;gf©i^*|;lL ti . 1 ox Ht««Oj|fp«»^5 * - * & fa-hf -5 £ £ 

a* foa**. fe«Lfc*»mm#ttfctt. v ot< i, ff, v., xoii,,^ 

[0119] 

7'5i'©-«fif|4»fli|OSl)S;, il 951^2 OIC^LTV^S. # £ L < 14 , # it « £9 
©*«fi, £j 1 2 0 m o 1 9 N J:9fi*L<(i, ftlmol % ~ « 5 m o 1 

% T? £> -5 o 
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[0120] 

mi 9 Att, * LT«fi-b»5fl2^*3ti 9 o 0 & LTV**. #^190 

oi*, * (Dm&m&m$> -5 v^fi* h s, bp*>a, st^lt^ -?-y m^-mmm^^m-r 

5. -hxB^J;5lC A hi, # *# vgfcSfc * VMi^ <Dif^#: % *^7x - hi, if * ~> A 
fe5V^7;U77^hx/7-htL^5, HHBIi, flti£l 9 0 0tf>f¥*S>fc||i£7iJ^ 
19 10, BP *> DPABA (v;7x=^75y$ISg) , T D , ^ £ , A = C00H"C $> -5 
„ 01 9 C li, A £S* *rf * ->^^#C00H"? -5 , DEAPA (N' , N-i? 7 ^ = ;P7 $ J ■? ^ 
-juy u \?*^8t) tWZnZ&KDMrtt&ttT 5 V 1 9 2 0 Srig^UT^-S, 
[0121] 

0 2 0 A«, ^ii^^JfcSVMi^^ttM^^^^XpFttiUTt^iebmS'fk^^igl 9 
3 0 5:^1X^5. S^E^^f*, 5 0 0 nm«t«7±^^figMtt©i|X-Br-r, ^©Etttt-fr'* 
I/- M£, BP*>A, Sr^LT, -*-y »**3tB5|::K*UTVx5 0 Alt, # * # 

b#S„ R,S.U?R 2 I4, ^ix^tL, ^^r^g, 7***1, IS7x=M, -<^v?/Pg 
it5^i5T?n. # £ b < f* , SS7/^;K1, 1-1 O^^i^^tf. H 2 0 B f* 
, 1 9 3 0 ©AftrtfmJSTgsJg .1 9 4 0 , IP *> DPACA (2,6tf * (4-^&#g|) -4- (4-N 

,N-i?7 * =*T 5 y ) 7x=/HfUi?^*;V ; (?i/| f ) % ^S*LT*5 9, ritR.S^R 
2 W:7^=^-CfciJ, A fiCOOH-C $> 5 „ 
[0122] 

DPACA 1 9 4 0 li, H.TO±5 K^fc-f-Z - £ & T - # 5 . 6 O m 1 &- ift # LtV> 5 

^^^ST^^^I&^Sr^l^L/c 1 0 Om 1 % Jg. ~7 y =i \c , 4- 7 -fc ^ * ^ # ^ 1 4 9 
g (9. 08mmol), 4-N, N-S>7 x=*^yX7*rt K 1. 6 9 g (6. 18m 
mo 1) , Sl^Si7yt=^ 5. 8g (75. 2mmol) ^iJDLft, S t£ i& 
Sr, fSTT'S^Loo, 5l$MJD|lftgLfc„ R«« at* L, * 1 5 O 

mlfCSf, U^-^^BD^y 15 0ml -CttHiLfc. S^i^uny^v^ 

(o m m %>) -? $> z & i&m & m e ^mmmvo* y * y - * -c # u , * ^ & l t , dpaca 

0. 9 2 0 g^f:„§i^| 1 i9 9~ 2 0 0tTl»!), ^ mal tt421n m : c*>»), 
#^®?fc#^Efi3 9 200Lmo 1 1 cm" 1 -p *> o fc 0 ^ fi* « 5fi , NMR#;ftS|{C 

[01 23] 

•* ! 2tt < ift2B££*S£*V, 1 mMONSfei^tSO: 3 « tf> 2g ft © DPABA (p tc — 8fe g if $ 
*■C«3fettSrf*4■Ufc^^ = rk:B8■r*IS**•iSbTV^5..*l2|l*fc, r, »\ & 

[0124] 
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cm 2 


V 


In 

mA/cm 2 


V 


mA/cm 2 


FF 


77 
% 


a 


Kl 


lmMN3/EtOH 


0.44 


0.62 


6.69 


0.44 


838 


036 


2.91 




— Bfc 


032 


0.64 


6.81 


0.43 


839 


034 


2.94 - 






J4R{5 EH 


034 


0.63 


6.95 


0.41 


8.72 


032 


2.84 








030 


0.63 


6.82 


0.43 


836 


034 




m 




i inlYl INJ, U.Ujjvl 


030 


0.64 


7.70 


0.45 


931 


038 


3.43 




N3, DPABA 


DPABA <g^EtOH 


033 


0.64 


7.40 


0.45 


9.30 


036 


331 




A-l. 

450XZ, 30 # 


— 
20/1 


030 


0.64 


7.70 


0.45 


9.38 


037 


3.44 








031 


0.64 


7.60 


0.45 


933 


037 


m 


m 




1EQMN3,, ImM 
DPABA EtOH 


033 


0.63 


7.21 


0.41 


838 


035 






TiO 2 ,-10/zm 


030 


0.63 


6.75 


0.44 


8.23 


037 


2.97 






1/1 


0.42 


0.63 


7.11 


0.44 


8.67 


037 


3.13 








0.48 


0.63 


7.02 


0.43 


8.49 


036 


m 


m 




ImM N3, lOmM 


0.33 


038 


4.95 


0.42 


6.02 


0.60 


2.08 






DPABA ^ EtOH 


032 


0.60 


531 


0.42 


6.67 


038 


2.31 




AM 13D.C1 


-* 
1/10 


0.49 


0.60 


533 


0.42 


6.72 


038 


232 








0.45 


039 


533 


0.42 


6.47 


038 


W4 


m 



[0125] 



„ "t<o i - v&&&um^tcm&(om$k&7jk^T^z>. mi 3 ra * jt , dp 

b T <3 „ 0 2 lit. DPABA Ic B i" S . R3t*#**O^Dy h 2 1 0 oi:f Ufc^ 
■* ft tt 4 0 0 nm^^C0t(75S-@il|XbXVN^ o # y h t 7 7 OKJEg J ^fcjf, 

x 3fc 14 15 t A, if DPABA © K Jfc x< > K (C PJ * L- V> „ 
[0126] 
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Zkft 


I-V 


cm 2 


Voc 

V 


!« 


v m 

V 


Isc 

rn/\/crn 


FF 


S 0/ 
vo 


a 


1 mMN3 
^ EtOH 


ft a n 

0.49 


ft "7ft 

0.70 


0.62 


ft /IjC 

0.4o 


1 1.02 


ft c I 

0.51 


3.97 




0.49 


ft "7ft 

0.70 


8.13 


ft AC 

0.45 


10.20 


0.51 


3.66 




n /to 
o.4y 




/.yj 


O.J 1 


O /CO 

y.&y 


ft C"» 

0.57 


4.04 






0.49 


ft *7 1 
O./ 1 


8.23 


ft A 1 

0.4 / 


■ ft ift 

10.30 


ft c -> 

0.53 


3.89 


0.20 


ImM N3 
0.05mM 
DPABA^f 
EtOH, 20/1 
-Bft 


0.49 


0.71 


9.05 


0.46 


1 1.53 


0.51 


4.16 




0.49 


0.71 


.9.24 


0.46 


1 1.56 


0.52 


4.25 




0.49 


0.7J 


9.39 


0.46 


1 1.50 


0.53 


4.32 






0.49 


0.71 


9.23 


0.46 


11.53 


0.52 


4.24 


0.08 


1 mMN3 

EtOH 
-»»JHJB 


0.49 


0.69 


6.35 


0.47 


7.83 


0.55 


4.26 


455nm 
70 

mW/cm 2 


0.49 


0.69 


6.05 


0.46 


7.44 


0.54 


3.98 


0.49 


0.72 


5.74 


0.52 


6.94 


0.60 


4.27 




0.49 


0.70 


6.05 


0.48 


7.40 


0.56 


4.17 


0.17 


ImM N3 
O.OSmM 


0.49 


0.70 


6.73 


0.47 


8.21 


0.55 


4.52 


455nm 
70 

mW/cm 2 


DPABA#*f 
EtOH, 20/! 


0.49 


0.70 


6.74 


0.47 


8.19 


0.55 


4.53 


-8ft 


0.49 


0.70 


6.74 


0.49 


8.25 


0.57 


4.72 




0.49 


0.70 


6.74 


0.48 


8.22 


0.56 


4.59 


0.11 
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i-v m& 




cm 2 


V 


mA/cm 


v m 

V 


mA/cm 2 


FF 


n 

% 


a 


0.5 mMN3 
EtOH, 


0.49 


0.70 


7.96 


0.45 


9.82 


0.52 


3.58 




-lift 


0.49 


0.71 


8.09 


0.48 


9.58 


0:57 


3.88 






0.49 


0.70 


7.47 


0.48 


8.83 


0.58 


3.59 






0.49 


0.70 


7.84 


0.47 


9 41 




j.Oo 


A IT 
U.I / 


0.5 mM N3, 
0.025 mM 


0 40 


0 69 


7 44 


ft 4S 


Q 71 


fi <i 


3.35 




TPA^ff 
EtOH 


0 49 


0 69 


7 61 


0 47 


O 7^ 








-m 

20/1 


fl 40 


fi ^O 


£ 08 


A yl< 

U.43 


O.JO 


0.53 


3.14 








n 6o 


7 ^4 




V. I / 


u.5j 


3.36 


0.22 


0.5 mM N3, 
2.0 mM 




0 6R 


4 £7 


ft 44 


J.OO 




2.UJ 




TPA ^ 
EtOH 


0.49 


0.66 


4.18 


0.45 


5.38 


0.53 


1.88 




-m. 
% 


0.49 


0.66 


4.51 


0,45 


5.82 


0.53 


2.03 




¥15 


0.49 


0.67 


4.44 


0.45 


5.62 


0.53 


J. 98 


0.09 
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Hi /Ui LiO til 

cm 2 


V 


'ro 

mA/cm 2 


V 

1 V ra 

I v 


i 

mA/cm 2 


FF 


% 


a 


V.J II1IY1 

N3/EtOH, 


0.49 


0.73 


8.32 


0.50 


10.56 


0.54 


4.16 




0.51 


0.72 


8.13 


0.49 


10.30 


0.54 


3.98 




0.50 


0.72 


8.56 


0.47 


10.65 


0.52 


4.02 






0.50 


0.72 


8.34 


0.49 


10.50 


0.53 


IBIS! 




0.5 mM N3, 
0.0125 mM 
DPABA 
EtOH, 40/1, 
-» 


0.49 


0.73 


. 8.55 


0.51 


10.48 


0.57 


4.36 




0.53 


0.72 


8.53 


0.50 


11.00 


0.54 


4.27 




0.49 


0.74 


8.08 


0.54 


10.96 


0.54 


4.36 






0.50 


0.73 


8.39 


0.52 


10.81 


0,55 






0.5 mM N3, 
0.017mM 
DPABA 7t*§ 
EtOH, 30/1, 


0.49 


0.73 


9.07 


0.49 


11.31 


0.54 


4.44 




0.49 


0.75 


8.64 


0.52 


10.97 


0.55 


4.49 




0.52 


0.73 


8.19 


0.52 


10.88 


0.54 


4.26 






0.50 


0.74 


8.63 


0.51 


1 1.05 


0.54 


PHI 


filliil 


0.5 mM N3, 
0.025 mM 
DPABA 

EtOH, 20/1, 


0.50 


0.75 


8.57 


0.52 


11.56 


0.51 


4.46 




0.49 


0.74 


8.88 


0.52 


11.45 


0.54 


4.62 




H3TC 


0.53 


0.74 


9.01 


0.51 


12.08 


0.51 


4.60 






0.51 


0.74 


8.82 


0.52 


1 1.70 


0.52 


SHI 


PHI 


0.5 mM N3, 
0.5 mM 


0.49 


0.72 


8.85 


0.48 


10.78 


0.55 


4.25 




DPABA^ 
EtOH, l/I, 


0.51 


0.74 


8.62 


0.47 


10.37 


0.53 


4.05 






0.50 


0.75 


8.38 


0.49 


10.02 


0.55 


4.1 i 






0.50 


0.74 


8.62 


0.48 


10.39 


0.54 | 


W II 




0.5 mM N3, 


0.49 


0.68 


7.56 


0.44 


9.09 


0.54 


3.33 




DPABA 
EtOH, 1/10, - 


0.51 


0.69 


7.62 


0.46 


9.34 


0.54 


3.51 




-lift 


0.49 


0.67 


7.25 


0.45 


8.84 


0.55 


3.26 






0.50 


0.68 


7.48 


0.45 


9.09 


0.54 | 
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V 


mA/cm 2 


V 
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V 
% 


a 
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8mM N3/#^yD 


0.49 


1 0.68 
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0.44 


10.07 


035 


3.74 




0.49 


0.67 


8.28 


0.44 


9.75 


036 


3.64 






0.49 


0.68 


9.16 


0.42 


10.80 


032 


3.85 






0.49 


0.68 


8.65 


0.43 


10.21 


034 


^zi 






8mM N3, 0.4mM 

xAJv 1 


0.49 


0.68 


932 


0.44 


11.18 


035 


4.19 




0.49 . 


0.68 


9.96 


0.44 


1139 


036 


438 




0.49 


0.65 


9.81 


0.42 


12.13 


032 


4.12 






0.49 


0.67 


9.76 


0.43 


11.63 


034 




mm 




5mM DPABA 


0.49 


0.55 


1.02 


0.42 


1.22 


0.64 


0.43 




0.49 


0.55 


0.94 


0.41 


1.13 


0.62 


039 




0.49 


0.58 


0.89 


0.44 


1.07 


0.63 


039 








0.49 


0.56 


0.95 


0.42 


1.14 


0,63 


mm 
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cm 2 


Voc 

V 


mA/cm 2 


V« 
V 


mA/cm 2 


FF 




a 


0.5 mM 
N3/EtOH, 


0.51 


0.73 


8.40 


0.50 


10.84 


0.53 


4.20 




0.53 


0.72 


8.13 


0.49 


10.30 


0.54 


3.98 






0.50 


0.72 


8.77 


0.47 


10.87 


0.53 


4.12 






0.51 


0.72 


8.43 


0.49 


10.67 


0.53 


PBS 




U,D JTUVl |N J, 

0.01 mM 


0.49 


0.73 


8.10 


0.51 


10.39 


0.54 


4.13 




EtOH, 50/1, 

an. 

— aye 


0.50 


0.74 


7.95 


0.50 


10.01 


0.54 


3.98 




0.49 


0.72 


8.10 


0.50 


9.85 


0.57 


4.05 






0.49 


0.73 


8.05 


0.50 


10.08 


0.55 






0.5 mM "N3, 
0.02 mM 


0.49 


0.74 


8.38 


0.50 


10.48 


0.54 


4.19 




DPACA^*f 
EtOH, 25/1, 


0.52 


0.73 


8.18 


0.48 


9.74 


0.55 


3.93 




-Bft 


0.49 


0.76 


8.08 


0.54 


9.45 


0.61 


4.36 






0.50 


0.74 


8.21 


0.51 


9.89 | 


0.57 


Kill 




0.5 mM N3, 
0.5 mM 


0.49 


0.73 


9.07 


0.46 


J1.3I 


0.51 


4.17 




DPACA^^ 
EtOH, 1/1, 


0.49 


0.75 


7.41 


0.53 


9.24 


0.57 


3.93 






0.52 


0.76 


7.93 


0.52 


9.12 


0.59 


4.12 






0.50 


0.75 


8.14 


0.50 


9.89 


0.56 






0.5 mM N3, 
5.0 mM 


0.56 


0.73 


6.36 


0.49 


7.59 


0.56 


3J2 




DPACA#W 
EtOH, 1/10, 


0.52 


0.73 


6.63 


0.49 


7.84 


0.57 


3.25 




-E« 


0.50 


0.72 


6.53 


0.49 


7.59 


0.59 


3.20 






0.53 


0.73 


6.51 


0.49 


7.67 


0.57 


111 


ml 1 


5.0 mM 


0.43 


0.65 


3.12 


0.49 


3.77 


0.62 


1.53 




DPACA^* 
EtOH, 


0.45 


0.65 


2.93 


0.49 


3.51 


0.63 


1.44 




-m 


0.49 


0.66 


2.83 


0.49 


3.40 


0.62 


139 




¥*3 


0.46 


0.65 


2.96 


0.49 


3.56 


0.62 J 


. ■ « 
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25/1 
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1/1 
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DEAPA EtOH 
1/10 



5.0mM DEAPA 
CHC13 

— Ift 



cm 1 
031 



0.49 



0.49 



030 



0.49 
032 



030 



030 
031 



033 



0.49 
~03T 



0.49 
031 



030 



030 



032 



0.49 



0.49 



0.50 



0.49 



0.49 



031 



030 



V 



0.72 



0.75 



0.74 



0.74 



0.70 
0.71 



4, 
mA/cm 2 



8.67 



8.15 



8.74 



832 



0.72 



0.71 



0.74 



0.73 



0.73 



0.73 



0.71 



0.71 



0.70 



0.71 



0.60 



039 



039 



039 



034 



034 



032 



033 



8.68 



837 



8.40 



835 



8.90 



8.76 



8.40 



8.69 



8.94 



8.83 



8.18 



8.65 
0.88 



0.71 



0.75 



0.78 



0.41 



V 



0.49 



0.47 



0.44 



0.47 



0.44 



0.45 



0.45 



0.45 



0.44 



0.44 



0.45 



0.44 



0.43 



0.44 
0.42 



0.43 



0.45 



0.44 



0.44 



0.44 



035 



0.45 



0.40 



0.42 



039 



0:40 



0.40 



mA/cm 2 



10.60 



1030 



10.63 
1038 



11.00 



11.11 



10.61 



10.91 



10.92 



1031 



10.21 



1035 
10.78 



1037 



9.71 



10.29 



1.08 



0.85 



0.91 



0.95 



0.49 



0.46 



032 



0.49 



FF 



036 



0.49 
~049" 



031 



030 



0.49 



0.49 



V 
% 



4.25 
3.83 



3.85 



3.82 



3.86 



0.49 



0.48 
030 



031 



030 



030 



033 



031 



031 



0.61 



0.62 



0.61 



0.62 



0.65 



035 



0.67 
0.62 



3.78 



MM 



3.92 



3.85 



3.78 



3.84 



3.89 



3.44 



0.40 



031 



033 



0.17 



0.14 



0.18 



tm 
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* Z> Dsscfr 
^UX =i — T 

ft mn&mfc 
m * n fc « 5t 

B£ g£ £: ffi T 

n /!✓ ct 

10 0:20 
Jb £ it 5 <o fc 



^^t^t^t^ »5 o«cofl«-e 
^ (TC0) ^ = — T 1 ^ ^^SjLfc^^^^y^SWKSt 

tt^ye^ll2, 2 1 2 x 312Sff412*feft5 
XttfflV^fcl. *^lJl^tfeS*ytmjRcOTi0 2 . TKy^- 

K (PE0) % t: Kn^rv/xf;i,t;Vn-^ (HO 
— *!Hfi;V7;^^;u (p VA ) &t/«feo**tt# 

. #£b<tt:B*T*&}10 0 : 1 — 100 : 1 0 t L# 

«Sro. Q La>Ufta*fe % BIBSW:. *3R5 W G> 31 
Sft^*»«S[»t>»JEfc«IB-r5 0 ffeOHJg^fig-Ctt, Ti 
t^-^^/l" (butvar) N ^ ^ >^ ^ n — (7) J; 5 & 



JB-Ctt. ^©**tt5fe^ttxi*r jfc&oa- 
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tcitje:, Xti^^y—yu^ 4 y y* n s< y — y u % h 3 v» tt 7 $ y - ;v ft if o> ^ ti^SE * <om 

^ = T^*T^O. 0 1-^2 01i%-efc5 o 
[0139] 

i5 > ="-7--f ^vw&tomte&m 2 2 0 0 LTVN.5. *^^«jnis^«i 10 

^^^-b, &^-e. 7* 7 - ,® 2 2 2 0 ± tc ^ * ft ssMk 7- v 2 2 3 0 comm® 

Z^-zrj^y-tZ. 7-7^^-^2 2 2 OH, X £ a - 7 1 -r > ^ * *t fc * S* ft: Kfl; ft 7 
f * A Ti0 2 7.^A) ?rtttrH5f#5 B & -5 ^ W: £ fc . 7-7^-^-Jf2 2 

2 0«:. ¥*lft&ft;4& (09*.«, Ti0 2 . Sn0 2 ) W^S^^tfilE^a-T^^^Sr-^tfr 

i^x-^s. 7-7-r-^-S 2 2 2 0f**fc, #y y ^^-fcsvMtiuiftgjK, 

«±IE015tC|B«(O^^-^A (IV) 7*h^->K^y-v-1 5 00 Tfc-5, # £ 

*S:^tfrtas-e#s. *-sijfi»« it ±*btf % suttn 2 2 1 o ti, m 

1-4 IB mm = T102-^202. &5V>Urt^«H*:3 0 4^4 0 4 T*5 

. ap*-c, &uum2 2 1 on. sit, mm&co, 7*7 * ^ y ? m&x$>z. *mm$) 20 
mmmmfc £tit£, ty 2 2 3 o©sga^(i % hi -4 (o^s.icmm^ ntz: m^tm-r 
; %L*nm 1 2 , 212. 3 1 2x^4 1 2t*5, »v>7-f^A«© % t«^«©, 

S>*Vtt:8{r«ft*tt:R*>, #l£Sn0 2 . Ti0 2 , Ta 2 0 s . Nb 2 0 5 RtKZnO<Sr c*?> 1 1* 
¥ 31 JH & <fc 4& Sr % ^^^-x^^-j/. * *" > = -7 >- 7* K = - 7 w v 

o 

[ 0 1 4 0 J 

7* 7 -^-Jl 2 2 2 Ofi, ® 2 2 3 0 © <fc 5*r7-/*36©^i»ft:ift-fb*7-f/WA©a«- 

*t**2 2 1 0 fc*f-*-S#*te«ri!fc*i-5. -T~m*ffiZ-ZDSSCX~n®im<Ofo± 

, t mm temm&mfcvox- = -7 ^ > ^ $ h^t* 7 * ^ y * stt 1 © m <omm& 

°Sf, f0l: J; t) * ^ *g » »tt ft 

[0141] 

DSSC^iabT, £i T I- i& ^< 5 «, 

[ n % #J 1 8 ] 

[01421 

Tio 2 -t y m^-ytmm&tiitxD-y y j — m t lti^^-t^ v^$ttf=Tio 2 

^m^^mmmX'it. m ^ 2 . 5 n m~ 1 0 0 n m©j$ Wi0 2 7 ^ /IxA £r x # y ^7 7 
/V- ( r r X % PET) mtt±iz=i~- T J y^StlT^S ITOjf ©±IC, I^TT-^^y^ n 40 
~~ rA ^^bfCo 7k-<-7 (DTi02 (sp*&3f&^^ 2 1 n m©P25) 7 y V x x-? y ? =, 

— T 4 V if £ tlltm VNTi0 2 Sr *r-T 5 ITO/PETt * i«I X © IT0/PET ( gp *> , X s< v ? =i - -jr ^ 

^$ixfc7^/VA*, 7)fy [Ti(0Bu) 4 ]©7* ^ /-y^i+|: »» $ &\^X \ 2 0X,X 

6SI^;f£ (8mM) 2»^Eitfc„ 64k (Pt) Mfamm, r/I 3 "«ft«»«> 2m 

i i osurlyn, &Timmm&<r-7'*ffi7LZ > ±mm%i,*ftWk > ? » i--^ * 

[01431 

X^y^n-^^ ^ ^fc^ V^Ti0 2 Sr^-f- 5 IT0/PET±|^P25X 7 y - & =» - 7 4 50 
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LT#fct/ti|OTi0 2 7 ^/l/A©gf tttt> TfcAUXCD ITO/PETJb <D 7 ^ ;V K i. 9f tit 
^tc X /< ~y ? =i—T-< Is if £ ix7c^^Ti0 2 §r tt 5 IT0/PET_b Id H $ *b PV« ?& tt: > 
ifciDXeoiTO/PETXo^fr h £ tfc & L T . £9&v^|im&ttSg£;^-r::i:t>Stg$*i,fc: 
o tt^H^^iPjife^^JcafifeSixfco ^ ^ y ^ — x -< ^ ^ ttfc ^ v^Ti0 2 Sr'B'i- 5 IT 
0/PETX Id f£ ®! £ it fc * |§ « SMC H LTIi, 0. 6 7t,(OiSv^FF^a)^$tLfCo**nX 
tf>IT0/PET_t ICf£$5! £ ix * g§ « ftllc §§ LTIi, Stfg $ txfc F F « 0 . 6 0 i0iS<tt* 
o fc „ ^. ^ ^ ^ 3 — ^ ^ v $ ttfcfg^TiO, Sr^f 5 ITO/PBTX Jcf^S$nfc*^S?& 
tHtTli > «t t) it fg « & 3b * (**D x <o I to/pet a* <b wm £ fc 3t 11 J; 9 t» 
«5l 7%il^) # 2H £ 3 *l ft: . * sf * a - -Y > ^ * *xfcs«E^Ti0 2 £ 5 ITO/PETJ- 

I 19] 
[0144] 

no t mmvo<Dft t> *) <o % 7 -r ▼ — m t v x ©Tio/fte^- 

*^d^^^liS^i|-T?fi. PETS *T X <D IT0© $5 Pp9 <D Bfl SB ft III j£ ^ & * 5 15 if + # \C /Jn £ 
V^Ti0 2 ^e^J4, =^* = !7A (IV) ^y/njK^'/K^aTk^i^-frSitlUoTil!! 
U fc„ ft t\ S mWiWf- Sr , IT0J1 1C 8 0 0 r p m |C T ^ f y a - f -f V ^ I fc„ ft 
V^T?, qr*&«E^-#i3j;- : E:2 1 n m <£> 3 7%Ti0 2 (P25) !g i§ Vo & =f- M X fC 8 0 0 r p 

mlCt^fyn-r^ y^Lfc. =" — T 4 is if £ jx fc Ti0 2 Sr , Ti (IV) 7 h =¥ f K # y 
-©0. 0 1M /^/-;^«*|; l 5^F^a»$t, Jzay'&^vJY tom$s SrJ^t 
5 OtTSiS^-fr^ ft^-ei2 0lC-C2#M?&-t-3r < Mc t fco-C, {£i&T-4S5jgi^$-a: 

*5^ttioTN3fei-!?lte*, ftV^f, ^^7 — /UT--r-T#*v K #D $S 31 £ <^ T 

5 0lC-T?2^K^;^$*fc o T'^'I'^-^-^^Vi/^e^^fiJ^ L-fc VNj^^ttl^ c^r & 

SraSUfc, i* i£ # & *f RRttfcBB-*- T * 1 9lcief Ltv^„ Ti0 2 ®S 

[0145] 
[* 1 9 1 





v oc 


I sc 




FF 




0.64 


4.86 


1.67% 


0.54 




0.66 


6.27 


2.36% 


0.57 



i mmm 20] 
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fife O « Ifc TM* , 0. 0 1 M\ZX -7 ? f - £ tl ?> ? =■ <? J* (IV) ^ k * k 

— Sr % 800rpm|CT ITO/PETT" ^^^^^X^^XlC^fc-V-rJ-x-f >"^Lfc 
o ¥*l»^L ; S*5j;-f:2 1 n m (75 4 3 %Ti0 2 (P25) i§ £ 8 0 0 r pmlCt^lfya-f 
-fVi/Ufco =j — T << is if £ ttfcTi0 2 Ti (IV) ^ h K#!/ v-0)O . 01M :7* 

^/-/W^^^JCl 5^0111^, ^ © & X 7 K*DlR«SrfflVNT5 0'CT?ffci(|$-e:, ' 

^ V i/Sr , 8mM(D^^a h y ftgtt^l t |C 2 ^ ^ S » § t 5 I i |C i o TN3feft5fe 
ftV^T*. x^;-;i,fttf, ^7^f KJBfi^^/lV^T 5 O tT* 2 ^RSii$*fc„ 

zf v y( -m = — 7- * > y &mm vte^sxft-i-im tx&x , mmm =* — t ^ > y&mMv 
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KB;*- .BIT ^ 2 0 IB <fe L T v* <5 „ 
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V„c 


Isc 




FF 


SUSS 


0.66 


7.17 


2.62% 


0.56 


mas, 


0.70 . 


8.11 


3.38% 


0.59 



I mm m 2 1 ] 
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B 2 3 li, W,Tftf))i*il?filii2 3 O 0 5:igtTV^5. »StO*It»ff57 
^-fk7K^K^^K<i:^S^^^T-(Dff#^^lliSLfc. f^y7^ft 2 3 0 4 ?;, Ti0 2 ^- 
/tf 2 3 0 8 ^Sf (^y/n^;-;^-^, 11^34. 9 % s l/480tf>xK«; 
rT'b^rv'^^^-hcDO. O 7 3 % ^ ^ / - ^ ^ Jp $ Jifc t © ) "C. = - 7^ V ^ L 

fc„ 13 # ft & . ^-y7^x#fcj:^:io$y^^^ ( r m i ij ) ©^7X77*y -ir 

— ^Irlv^x, f ^yy-f t 2 3 0 4 tfc„ Ti0 2 => — f > if 2 3 O 8 <D$E±& t 

, - 1 ^ ^^'$iXi/ii!7-^'-V(DBJ ^^V^^^rfRjJh^-^r^itfe^^ Ii0 2 3-f -{ > ^ 2 3 0 
8 * tt^tftMU ( 4 5 O °C ) T- 3 O # RSJ & £ * fc 0 SiliO^-f ^ 2 3 0 8 t 

. 8 m M <D N3#, * *g j£ + ^ jfi 7? 2 ft R-ft -Tw<!:l£<J:o-CfeSfit/S£-Sr. 31 ^ y — /v^lc 
4 5 l^^a^ $ -fr, b fc c Ti0 2 — f V ^ 2 3 0 SSrtfg^S^^vy-f-^ 3 

O 4 Sr , TEFLON (^^/JOtt^^A^Wtg) << 9 * f- — -f (f |)^^ h !) 7;v 

^uy^^tt^^A^HTBg) T'i)5ffill2 3 1 2 W>fC)fALfe„ jSWV^S&^'l'i't* 
fc. ifc ^ Ji 2 3 1 2 tf> * Id Jf A L- . [6] m 11 2 3 1 6 t LTSfg^ *fc s §||23 1 2 
2 3 2 OTtfct: tt, * IS « ?& Jfc ii£ 2 3 0 0 Lfc. 

[0149] 

f-9 ^ -¥2 3 O 4 JLfiDTi0 2 2 3 0 8 <Z> & 4g ® ffl (dry coverage) „ 1 0 m i 1 "C 

fcofc 0 ^^'V!7-r-r-2304OE : S{*> 7. 7mi 1 T'&ofc. TEFLON-r-f 9 u f- 3, — 
> r «S«23 12«16mi 1 "C £> o 3* . 20mi 1 Of a. - ^ t ftffl f 5 r t JS f # 
-5. -¥*tlRj*^ 2 3 16 <7>B:mtt % 3 m i 1 T* fc o . 2 3 2 Oil, 

7< h ^v-Zn tT^-= h y /Hfl- 1 M©LiI, 0 . 05 M CD 3 !7 f?f , R Tf 1 M Ot-^f* f 
y ^^*-^A/-C^^^^T*feo fc„ ;*: Eft *8ft^>S 3. 1*1 Sfl L „ 

PJIelSSmJEVociSBteO. 70V-0. 7 3Vffc!), gif&tl I s cfSIIi4. lm 
A / c m 2 ~ 4 . 6mA/cm 2 T-fcoyc 0 ^39«jm?&c7>*^7t^)^tt, 1. 5 3 % 
ofc„ SS^SLfcf ^y!7^t?:fflV>TSilLfc*iiftillttt, * 6§ 3fc $J * 2 . 11 

m L-tc 0 
[0150] 

&mm 2 3 1 2 teflon{c f&j m £ n 5 t> <n> -e r± & „ « s ® t± , pg ^ « u * v^ *s „ 

3 1 2rt»fcj*A-f"5fttoDK:, i;lf%ll 2 3 0 0±(d^^g2 3 1 2 £ => - x ^ V 
^i-6^^t>T-#S 0 ^-^^>-^fei:L-T, PS L ft l^s , mm. ftWc. fc-Sl^ttifc 
«f£ffl©fc5»»*fc**i&fc.»;*-l!r-C{ft»Jl 2 3 1 2SrJg/S**5it, # ¥ *t 5 

o 
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S>5V^tt«|t^?g/ft-#-5fcji>K:, PB^R LfcfcjS<o#m^. HJ * U fc ft ft © ffi © 4fr«"J: 
. [01521 

*>5v*tt***7B/£-rsfcftK:, pf§ ^ l fc ffi « © ft « & , n ^ L ft « © fife © * ft £ *& * 
[BffiolSiiifttftK] 

[0153] 

[0ia-id] #3g9nci$. ^«tt«i*i =» r fc-^tr *i§ <om^mmm 

com* <o&}7jitf)m&tei&<DWiftm 
[S3A-3D] m^mm&mm^ t z^t?xWinmttm<Dm* (DM7ji#) 

mmmmcommm 

[@4a-4d] ^sswicts, n%mm&mm = t RVtemftmz^-rf&ftm 

[06A] J: 5 , *»«?&&-&tr£J&tt«irojg'j£ 

I B 6 B ] *3B0§©«*W^«7B«U:.fcS. *«m^£^tfffe«|&ifi£jB£©?gf& 
[ 0 6 C] @6A5tf6 BICjef^;*fefc/Bv*T»j£S;h,fcifl*to;fclft*»#**©»raiB 

[B8A-8C] *fgWICJ;S. £*&tt«fr&j$i-£*K*fettli<Dej5ft&tt$£ft 

[B9] *_38mow^«f*«^«i^ J: * » * a» 6, m & £ tb fc m ^ m t£ * ® m m 
[Bi o] *&wi^£ z>, 2 f&ftfrbtezxtiinte* y is » com^^mmmm 

[01 1] *ftW0O&}7jkftm-mMM\C X Z , »««£:/nir * fcflJ^-C*»«ft#-»*-g- 
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